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( 325 ) 

ON THE INFLUENCE OF BIAS AND OF PERSONAL EQUATION 
IN STATISTICS OF ILL-DEFINED QUALITIES. 

By G. UDNY YULE, F.S.S. 

I. INTRODUCTORY. 

STATISTICS of qualities preselnt a very wide range of variation as regards the 
scope that is left for the idiosyncrasies of the individual observer. In some cases 
where the classes are naturally discrete-as in statistics of the proportions of the 
two sexes, of civil condition, of numbers of different coins issuied fromn a mint, 
and so oni-classification may be as certain and definite as with the most accurate 
measurements, indeed, more so. In other cases the classification may be rendered 
well defined, even if the classes be not naturally discrete, by the provision of 
suitable standards for comparison with the quality to be classed, e.g., as in colour 
naming. But inany important statistical memoirs have beeni published, during the 
last twenty years, oil qualities, for which the classes employed are not naturally 
discrete, and for which no standards of classification have been, or in many cases 
can be, provided. I refer to such statistics as those of children under the headings 
dull, precocious, unruly, sickly or ill-nutritioned (references on page 380, Warner 
11, MacDonald, 3); of eye colour, hair colour, as in many anthropological works; 
of artistic faculty, temper, health, and ability in man (Galton 2, Pearsoni 5, 6, 8, 9). 
In all such cases the headings under which the individuals are entered are either 
only verbally defined or not defined at all, the only guide to the meanings of the 
terms employed being conuiinon usage. The resulting ambiguiity renders the 
subjective element of conisiderable importanice, and makes it necessary to 
remenmber that, strictly speaking, we are dealing with statistics of niames of 
qualities, not with statistics of qualities themselves. 

Most people must have experienced in daily life the disagreemllelnts that arise 
as to the application even of the commonest ternis in the case of such ill-defined 
qualities, e.g., as to whether a certain individual should be called "fair," "tall," 
"ill-tempered," " plain," " dignified," " clever," " cautious," " rather cautious," "very 
cautious," and so forth; whether a carpet, wall-paper or cloth should be called light 
or dark, blue or green, red or brown. In general, of course, such disagreements are 
wholly trivial, but when scientific use is made of the terms they are 11o ionger 
negligible; yet, so far as I am aware, no attempt has been made in any one case 
of the kind to investigate the real character of the nomenclature. There are 
more points that call for such investigation than miight at first sight appear, e.g., the 
self-consistence of the individual observer, the differences between individual 
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326 G. UDNY YULE.-On the Influence of Bias 

observers, the combined effect of inconsistence of the individual and disagree- 
mients between inldividuals on a mass of statistics due to a numnber of observers, 
the statistical permanlence of the nomenclature of the individual observer at 
widely separated times, the effect of different schemes of classification using 
two, three, or more headings, the relation between the individuals' nomenclatures 
under one such scheine and another, and so on. 

An attempt must also be made to answer more complex questions, which were, 
in fact, the incentive to the experiment, viz., the questions raised by a recent 
nlemoir of the present writer as to the origin of certain peculiarities in tables 
illustrating the inheritance of qualities (Yule, 15). To explain briefly the nature 
of the questions, consider first the following condensed table for the inheritance of 
a measured character, viz., Head-length (Pearson, 8). 

TABLE A. 

Showing the number of cases observed in which two brothers had given head- 
lengths. 

Head-length of Head-length of first brother (millimetres). 
second brother. 

-182-5 1825 - 65 186-5 - Total. 

1825 - 454 198 5 134 786-5 

182 5 - 6 5 198 5 152 183 5 534 

186 5 - 134 183 5 476 793 5 

Total ... .. 7865 534 7935 2,114 

Work out the ratio of the frequency in the first column to the sum of the 
frequencies in the first and second (454/652 5, and so on), for the three rows and 
treat the second and third columns similarly. The ratios run: 

TABLE B. 

Derived from Table A. 

Ratios 454/ (454+198h5), etc. Ratios 198-5/ (198-5+134), etc. 
0696 0 597 
0567 0 453 
0 422 0 279 
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andZ of Personal Equation in Statistics of Ill-defigned Qttalities. 327 

In each case the ratios form a descending series. Now take a table for 
an unmeasured character, viz., temper, from the same source- 

TABLE C. 

Showing the number of cases observed in which two brothers were retulrned as 
possessing given tempers. 

Temper of first brother. 

Quick. Good-natured. Sullen. Totatl 

Quick ... ... 1385 15225 3975 3305 

Good-natured ... 152 25 1026 5 106 25 1285 

Sulleni ... ... 39 75 106 25 84 5 2 230 5 

Total ... ... 3305 1285 2305 1846 

and treat it in exactly the same way. The result is quite different; the ratios 
run discontinuously: 

TABLE D. 

Derived from Table C. 

Ratios 138 5/ (138 5 + 152 25), etc. Ratios 152 25/ (152 25 + 39 75). 
0 477 0 794 
0-136 0 907 
0 272 0 558 

For the first pair of columns the firsta is the greatest ratio and the second 
the least; for the second pair, the second is the greatest ratio and the third the 
least. Table A is what I have termed an isotropic distribution, while Table C is 
niot. Further, Table C diverges from isotropy in quite a peculiar way; judging by 
the order of the ratios in Table D, it appears to present a relative excess of pairs 
of the same name (" homonymous " pairs), as compared with an isotropic distribution, 
i.e., an abnormal excess of frequency in tlle diagonal compartments. An 
extensive investigation of a number of tables like A and C, for measured and 
unmeasured characters respectively, showed that all the tables for measured 
characters were approximately isotropic, whilst the overwhelming majority of 
those for unmeasured characters were not, fifty-five out of the sixty-eight tables 
examined exhibiting a divergence from isotropy precisely of the above kind. So 
remarkable a contrast caninot but suggest a possibility that the excess of 
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328 G. UDNY YULE.-On thte Influence of Bias 

homonymous pairs may be of subjective origin. It is therefore necessary so to 
arrange matters in the experiment as to elucidate such points as the followinlg, 
in addition to those previously noted :-the bias of the individual observer in 
nanling pairs of associated qualities, the statistical permanence of such bias in 
observations made at widely separated times, the effect of individual bias and 
personal equation on a table due to a number of observers, the influence of 
classification under two, three, or more headings on the effect of bias, the relation 
between the bias of an individual under one suich scheme of classification and 
another. 

It is, of course, probable that any effects observed will vary in magnitude 
with the quality under investigation, but there does not seem reason to 
suppose that there will be any difference in kind between one case and another. 
The matter actually chosen for investigation as presumably typical was the naming 
of graded tints of the same colour under such headings as " light," " dark," " rather 
dark," and so on. 

II. THE MODE OF CONDUCTING THE EXPERIMENT.1 

A matt-surfaced self-toning photographic printing-out paper was taken and 
a number of pieces printed to graded depths of colour by successive exposures, a 
sheet of cardboard being moved so as to cover piece 1 only, then pieces 1 and 2, 
then pieces 1, 2, 3, and so on. In this way sixteeln pieces were finally obtained, 
graduatinig in tint from a slightly greyish-white to a very deep blackish brown. 
If care be taken to keep the sheets moving while toning there is no very great 
difficulty in obtaining in this way small sheets (e.g., half or whole plate size) of 
sensibly uniform colour, but the greatest care must be taken with the deeper 
tints. The intervals of exposure are not necessarily equal; I found longer 
intervals desirable at the darker end of the scale. 

Small scraps of roughly i inch square were then cut from eachl of the sheets 
and placed in numbered envelopes. White (greyish-white) cards were provided, 
about 2a inches by 35 inches, and sixteen of the tinted squares taken from each 
envelope and pasted one on each card, slightly above the centre, the number of 
the tint (1=lightest, 16=darkest) being marked on the card in pencil. There 
were thus 256 cards altogether, 16 with each one of tints. Each small pack of 
16 was then taken, and under the first scrap- about I inch distant from it-was 
pasted a second, of tint 1 for the first card, 2 for the second, and so on up to 16 
for the third. This tint was again noted in pencil on the card. In this way a 
pack of 256 cards was formed, each having two tinted squares on it, the tints being 

1 An outline of the main results of this experiment was given in Proc. Roy. Soc., vol. 77 

(1905), p. 337. 
2 Siulcl printing should be done out of doors or at an open window; printing behind 

ordinary window glass is liable to give rise to unevenness of tint. I think some of my darker 
tints were imperfect from this cause. It is difficult to judge such unevenness of tint before the 
sheet is cut up; I infer unevenness in the present instance from the slight irregularity of 
naming. 
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combined in every possible way. If a contingency table were formed between 
" upper tint " and " lower tint," there would be sixteen rows and sixteen columns, 
and the entry would be one unit in each square of the table. 

The 256 cards were then dealt out on the floor of a room, picked up as much 
at random as possible, further shuffled, and numbered in ink in the more or less 
random order so obtained. A key was then written out showing the actual tints 
(denoted by their numbers 1 to 16) for each of the cards in the pack, and when 
this was done the pencilled inarks on the cards were rubbed out. As a matter of 
practice it may be stated that "keys" in three forms were found useful: (1) a 
table like an ordinary table of double entry or contingency table with the numbers 
1-16 at the heads of columns (upper tint) and the ends of rows (lower tint), and 
in each square of the table the number of the corresponding card in the pack; 
(2) a schedule giving the numbers of the cards in the pack in order and opposite 
each the numbers of the upper and lower tints, in the form:- 

Card number. Upper tint. Lower tinit. 

1 3 7 

2 10 2 

3 9 11 

4 7 7 

(3) schedules giving for each tint the numbers of the cards on which it occurred, in 
their numerical order, distinguishing the upper and lower positions, in the form: 

Number of the Tint. 

1 2 3 

Upper. Lower. Upper. Lower. Upper. Lower. 

6 -2 1 

16 9 333 
17 11 34 
21 _-1 19 36 

24 24 - - 58 

The first key gives at once the card containing any required pair of tints, the 
second serves most readily for giving the numbers of the tints on each card, and 
the third is extremely useful for checking the compilation of certain tables, 
enabling the check to be carried out rapidly for any one tint in the entering of 
which there is obviously some error. 
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330 G. UDNY YULE.-On the Influence of Bias 

To explain the mode in which the experiment was conducted, I give in full 

the " Explaniations and Instructions" which were circulated with the pack to 

those who kindly volunteered their assistance. 

EXPERIMENT ON TINT NAMING. 

EXPLANATIONS AND INSTRUCTIONS. 

Within the past few years several series of statistics have been published based 

on non-quantitative observations, the observers having been asked merely to assign 

names to certain qualities of the individuals or persons observed. For example, 

in order to throw light on the degree of resemblance between brothers, the 

observer would be asked to name the eye-colour of each pair of brothers as " light," 

or " medium " or " dark." A whole series of tables based on such statistics were 

given, for instance, by Professor Pearson in the Huxley Lecture of 1903. 

On examining a number of such tables from the above and other sources, 

they were almost all found to exhibit a certain peculiarity which was not noticed 

in tables based on quantitative measurements. The question, therefore, arose 

whether this peculiarity might not be due simply to the mode of action of the 

judgment in assigning namnes to such qualities, and be consequently of no organic 

significance. In order to throw light on this point I thought it desirable to 

conduct, with the aid of volunteer observers, an experiinent in which the pairs of 

qualities narned should be distributed in a known manner. 

A pack of 256 cards, numbered from 1 to 256, is sent herewith, each card 

bearing two smnall scraps of photographic paper printed to different depths of 

colour. The tints run from a slightly impure white through all shades of brown 

to a deep blackish brown. You are requested to go through this pack and to name 

the tints according to one or more of the following schemes:- 

Series A, 1 "light," 2 " dark." 
Series B, 1 " light," 2 " medium," 3 " dark." 
Series C, 1 "very light to light," 2 "rather light," 3 "medium," 

4 " rather dark," 5 " dark to very dark." 

If you have only time to conduct the one experiment, I would prefer that 

this should be an experiment of Series C. 
To save time, schedules are sent herewith in which the results of your naming 

can be entered. It will be most convenient for me if you do this by not entering 

the names of the tints as above, but simply the numbers 1, 2, etc., e.g., for Series B 

using the symbols 1 = light, 2 = medium, 3 = dark. 

As it is particularly desired to obtain the effect of the unaided judgment, you 

are requested not to make any attempt to form a scale of tints from the cards 

given nor to compare one card with another, but to observe and name the tints on 

one card only at a time, though before commencing naming you may look through 

the pack to get a general idea of the range of colour. You will probably find you 

can name the whole paek in half an hour to an hour. 
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As I have only the one pack of cards, please return it to me with your 
Schedules as soon as possible, registered, addressed to G. U. Yule, Esq., Central 
Techiiical College, Exhibition Road, S.W. Stamped addressed label enielosed. 

G. UDNY YULE. 

FORM OF SCHEDULE SUPPLIED. 

Observer Series_ 

Tint. Tint. Tint. Tint. 
Card Cardc Card Card 

Numiber. Number. Number. Number. 
Upper Lower Upper Lower Upper Lower Upper Lower 

1I 33 - - 65 - - 97 - - 

2 - - 34 - - 66 - - 98 - - 

3 - - 35 - - 67 - - 99 - 

4 - 36 - - 68 - - 100 

etc. etc. etc. etc. 

I do not think much need be said in justification of these instructions. 
Lack of definition of the terms used for classification was, of course, an essential 
point of the experiment. This makes the test more severe than that involved 
in some, though by no means all, of the statistics to which reference has been 
made; to this point I return. 

The experiment was begun in March and closed in the middle of July, 1905, 
when I had obtained, from thirty-four individuals (including myself), seventeen 
returns of Series A, twenty of Series B, and thirty of Series C. I may take this 
opportunity of thanking the many friends who gave their time and trouble towards 
the making and procuring of returnis; without their willing aid the success of the 
experiments would have been impossible. The names are given in the Appendix, 
p. 363, with the numbers by which they are in general cited in the sequel. The 
present writer in his alphabetical order is Observer 31. 

III. RESULTS.-THE NAMING OF THE INDIVIDUAL TINTS. 

The 256 cards of the pack contain altogether 512 samples of tints, two on 
each card. On each observer's schedule are given the names he assigns to the tints; 
on the key No. 2 the actual depths of the tints as expressed by the arbitrary 
numbers in the scale order 1 to 16. 

From the schedule and key together a frequency table can be comipiled with the 
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numbers 1 to 16 at the heads of columns and the names " light," " medium," " dark," 
etc., at the heads of rows, showing the way in which the observer distributes the 
actual tints under the namnes. The table for each individual will show how far he is 
self-consistent in his naming; a comparison of those for different individuals will 
show how far they differ inter se in their use of terms, and finally a totalisation of all 
the individual tables into one will show how far a mass of observers can be treated 
as a consistent whole. 

Such tables were formed for all the observers uinder each series (A, B, C), but 
it would be impossible to reproduce them all here. A few, however, for each series 
are given as samples. (Tables I, VI, XI.) 

Series A. The tints classified under " light " or " dark " only. 

In Table I are given, as illustrations, the results of the naming of four 
individual observers. In this case, where the individual is only given a choice 
betweeni the terms " light " and " dark," a number of the observers are almost 
surprisingly self-consistent, e.g., Observer 26. In his case all the thirteen tints, 
1-7 and 11-16, are named with perfect consistency; in the case of each of the tints 
8 and 10 one exception occurs to the general rule of his nomenclature, and only 
in the case of tint 9 do we find any marked uncertainty, this tint being named 
sometimes " light " and sometimes " dark " in the proportion of about 2: 1. Of the 
four observers whose results are included in Table I, 7 and 12 are clearly not so 
good, whilst 10 is very much worse. 

The self-consistence of the observers may be simply compared in a more 
definite way. If an observer has named a tint twenty times " light" and twelve 
times " dark," we may assume that if he bad been quite consistent the tint would 
have been uniformly termed " light." The twelve occasions on which it was termed 
"dark " may then be reckoned inconsistencies. Adding up the total of such lapses 
we get a measure of the individual observer's inconsistency. In the case of Observer 
10, for instance, tints 8 and lighter are namied, in the majority of cases, " light"; 9 
and darker, " dark "; the inconsistencies are 15 + 5 + 3 + 1 + 1 + 9 + 12 = 46; 
in the case of Observer 26 they are only 1 + 1 + 11 = 13. In Table II are given 
the inconsistencies reckoned in this way for each observer. The mean is 25-3 or 

only 4 9 per cent. Observer 10 is the worst of the series, with 46 inconsistencies; 
26 the best with only 13. It is evident, so far as the figures go, that observers differ 

considerably inter se as regards self-consistency, but it remains to be seen how far 

the results may be taken as indicating a permanent characteristic of each observer; 
this is a distinct point on which light is thrown by some specially repeated 
experiments under Series C, and by some indirect evidence give below (p. 336). 

As regards the differences between individual observers in their use of the 
names, in Table III are given the numbers of the samples out of the 512 in the 

pack which were named " light " and " dark " respectively by each of the observers; 
the number of " light " ranges from 258 to 380, with a mean of 310-5 and a standard 
deviation of 32-6. The coefficient of variation (percentage of the standard 
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deviation on the inean) is therefore 10-5 per cent.; the standard deviation of the 
number of " dark " is, of course, the same anid the coefficient of variation is therefore 
16 2 per cent. This is a high degree of variation, the standard deviation of errors 
of sampling being only 

A/5l2 310 202~ 512 512 1 

corresponding to coefficients of variation of 3-6 per cent, and 5-5 per cent., and we 
must accordingly regard different observers as liable to attach significantly 
different meanings to the terms. I have not made experiments in this series or in 
Series B to determine how far such differences will remain constant on different 
occasions. The reader is again referred to the few special trials under Series C and 
to the remarks on p. 336. 

The judgments of one observer may also be compared with those of another in 
a different way, viz., by counting on how many occasions they agree and on how 
maniy they differ. I have carried out such comparisons for thirteen pairs of 
observers, formed by writitig out the list of those who had submitted returns in 
each of the three Series A, B, C, and taking each one with the next but one 
following. The results are shown in Table IV. The disagreements of judgment 
range fromii 22 to 121 out of the 512 samples named, or from 4-3 to 23-6 per cent. 
with an average of 11-4 per cent. 

Finally, in Table V is given the distribuLtion of the actual tints under the 
names for the whole of the observers together. The differences between observers 
now come into play so as to increase the proportion of inconsistencies very 
considerably above the averag,e for the individual (4 9 per cent.); the total is 700 
inconsistencies out of 8S,704 namiiings or 8 4 per cent., the tints 1-10 being taken as 
" light " and 11-16 " dark " according to the majority of the namings. The 
distributions of the two names actually overlap by more than half the range. 

Series B. The tints classified under the headings " light," " medtum," and " dark." 

In Table VI are given the distributions of tints under these three names 
for four sample individuals. The general features are the same as in Series A, 
Table I, there being always a marked overlapping of the tints to which the 
several niames are applied, though the extent varies for differenit observers. The 
inconsistencies of naming in the case of each observer may be measured as 
before; in the case of Observer 6, for instance, we may say (judging, by the 
majority of his namings) that if he had been perfectly consistent, all tints from 1-9 
would lhave been named "light," fronm 10-13 " medium," and from 14-16 "dark." 

Counting all outside these limits as inconsistencies, the total is 10 4 4 + 4 + 
11 + 4 + 3 + 9 = 45. The simiiilar totals for the twenty observers making returns 
under this series are given in Table VII, the mean being 44-7 or 8 8 per cenit. 
as compared with 25 3 or 419 per cent. for Series A. There is, therefore, a very 
marked increase in the proportion of inconsistencies of the individual judgment 

VOL. XXXVI, z 
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as comipared with Series A, the existence of three classes instead of two increasing 

the opportunities for error. 
From the figures of Table VIII it would also seem that the divergences 

between different individuals are emphasised, not lessened, by the introduction 
of the " medium " class; two out of the three standard deviations of the numbers 
classed under different heads are considerably greater than before, and the 
coefficients of variation are markedly greater in all cases. Instead of coefficieits 
of variation of 10 and 16 per cent. we have to deal with coefficients of 20, 26 
and 28 per cent., the actual ranges of the numbers of tints classed under the 
several headings being astonishingly large:- 

Light: from 124 to 290 
Mediqm: ,, 92 ,, 274 

Dark: ,, 102 ,, 226 

The result is confirmed by the frequencies of disaareements for the thirteen 
pairs of observers, given in Table IX; the table differs slightly from the similar 
Table IV for Series A, as in that case the observers could only differ by one 
class, now they imay differ by two, the one calling a tint, say, "light" and 
the other not "medium'" but " dark." Taking it altogether there were 1,555 
disagreeiients by one class and 25 by two classes or a total of 1,580 (238 per 
cent.) as compared with 757 (114 per cent.) in Series A for the same number 
of pairs of observers (Table IV). 

The distribution of tints under names by the whole of the twenty observers 
together is given in Table X. It is again evident that the only effect of 
introducing the medium class has been to increase the inconsistency of naming; 
the terms " light " and " medium " are so far from indicating really distinct classes 
that they overlap by nine tints, while "medium" and " dark " overlap by ten. 
Even "lights" and " dark " are not distinct, all tints from 7-11 inclusive having 
been named sometimes "light," soinetimes "medium'" and sometimes 'dark." If 
we take it that perfectly consistent observers would have classed tints 1-6 uniformly 
as "light," 7-11 as " medium," and 12-16 as " dark," the inconsistencies number 
1,644 out of 10,240 namings or 16-1 per cent. as compared with 84 per cent. 
for the similar table (Table V) of Series A. 

Series C. The tints classified under the headings " very light to light," " rather light," 
" mediumrr," "( ather dark," " dark to very dark." 

The distributions of tints by four sample individual observers are given in 
Table XI and present the same features of varying degrees of self-consistence as 
before; it is evident that even for one single observer a mere name such as" rather 
light " or " medium" does not connote a definite class sharply bounided from the 
adjoining classes, but a frequency distribution widely overlapping those connoted by 
the adjacent terms in the verbal scale. The actual numbers of inconsistent namings 
for each individual, calculated as explained before, are given in Table XII ; the 
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average is 896 or 175 per cent., as compared with 447 or 8-8 per cent. for 
Series B and 25-3 or 49 per cent. for Series A. This is a very rapid increase 
indeed, in the ratio of 1: 1P77: 3 5.1 

The number of samples classed by each individual under the respective 
headings are given in Table XIII. Here we find fluctuations of the same order of 
magnitude as in Series B, there being no sensible increase. In Series B the 
coefficients of variation are 20 to 28 per cent., and in C 22-28 per cent. 

The numbers of disagreements for the thirteenl pairs of observers taken 
as samples are given in Table XIV; the individual results fluctuate largely as 
before, but with one exception they are all greater than for Series B (Table IX) 
and the total shows 2,173 disagreements by 1 class, 212 by 2 classes and 1 by 
3 classes. The grand total is 2,386 or 35 9 per cent. as compared with 23-8 per 
cent. for Series B and 11-4 per cent. for Series A. While, therefore, the individual 
differences as regards the total numbers of samples assigned to the several classes 
have not been markedly affected by the increase in the number of classes from 
three to five, the disagreements as to the naming of the single samples have been 
largely augmented, The observers in Series A, speaking roughly, differ in one 
case out of nine, in Series B in one case out of four, in Series C in one case 
out of three. 

The individual differences as to the meaniings of terms are of course only 
very imperfectly illustrated by the totals of Table XIII, anld really require for 
their appreciation the whole original series of tables of which four fairly divergent 
examples are given in Table XI. Such tables might be summarised in another 
and more thorough way, viz., by treating each row as a frequency-distribution, 
with the difference between adjacent tints as an arbitrary unit, and evaluating 
the mean and standard deviation. Thus we have for the class "rather light " of 
Observers 6, 10, 12, 29. (Table XI.) 

Observer. Mean tint corresponding Standard deviation. to "rather light." 

6 8-62 1P25 

10 3 97 1P04 

12 6-57 1-42 

29 4*95 1P22 

I have endeavoured to form a working hypothesis as to these ratios of increase, but 
failed to arrive at any satisfactory conclusionis. The numbers given vary approximately as 
(n + 1) (n + 2), where n is the number of classes, i.e., 1, 1-67, 3-5. I do not suppose that the 
ratios hold except for the given scheme of class frequencies. (See below p. 338.) 

z 2 
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This would form a somewhat interesting mode of quantifying, if only with 
respect to an arbitrary scale, the meanings attached to the same term by different 
observers, both in intension and extension, but I do llot think that, in the absence 
of an absolute colour scale, any useful purpose would be served by it, while 
the work would be exceedingly laborious. The method seems, however, worth 
noting. 

Table XV, corresponding to Tables V and X for Series A and B, gives the 
total distribution of tints, under names, for the thirty observers who made returns 
under this series. The relatively low frequencies of the intermediate classes " rather 
light " and " rather dark " as given by the totals of this table and the averages at the 
head of Table XIII are curious. The extreme classes " very light to light " and 
"dark to very dark " just fail to overlap, each occupying half of the range; tints 6-8 
are, however, classed under all the first four headinigs and 9-11 under the last four; 
tint 1 (impure white) is the only tint classed by all observers at all times under the 
one heading only. The number of inconsistencies is 4,123 out of 15,360 namings, 
or 26-8 per cent. as compared with 16-1 per cent. for Series B and 8-4 per cent. for 
Series A. The result again emphasises the increase of doubtful and discordant 
judgments with the increase in the number of classes. To increase the number of 
classes above the minimum of twG appears, in the absence of strict definition, to be 
a mistaken practice. 

Permanence of individual peculiarities.-I have remarked in the preceding that 
the tests described do not indicate how far the individual peculiarities recorded 
may be regarded as of a permanent character, i.e., peculiarities that would be 
re-observed if the same individual were to repeat his naming of the cards after a 
more or less considerable interval of time, Two of the Observers 11 and 16 
were good eniough to repeat their namings under Series C three times, at my 
request, and I similarly repeated my own with a view to affording a direct test 
on the point, the results being given in Table XVI. In the case of Observer 11 
there was an interval of several weeks between the first and second natuings 
and of a week between the seconid and third, in the case of Observer 16 five 
days between the first and second and a day between the second and third, 
whilst in the case of Observer 31 (the present writer) there was aii interval of 
several weeks between each repetition. It will be seen that while the numbers 
of samples classed under the several headings by the same observer on different 
occasions fluctuate considerably, the number of disagreements between the narniings 
on one occasion and another are generally low compared with the average for 
two different observers, viz., 184 (Table XIV)-as one might expect. The 
present writer was the most erratic of the three observers tested, but the 
exceptionally large number classed under the heading "light to very light" 
remained a permallent characteristic of his distributions; similarly Observers 
11 and 16 always exhibited a somewhat high frequency for "mediuim." The 
numbers of inconsistencies fluctuate somewhat, but Observer 11 seems to be 
significantly more self-consistent than 16 or 31. 
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The material of Table XVI is extremely limited, so it occurred to mie to 
apply a test of the permanence of individuality in another way in the case of 
those observers who had made returns under all three Series A, B, and C. If 
the individual differences exhibited were the mere result of temnporary moods or 
variations of circumstance, a complete absence of correlation might be expected 
between the results of an observer under one series, say A, and his results under 
another, say B. If there is, however, a marked correlation, one may infer a 
statistical permanence of the observer's idiosyncrasies or" persollal equation." The 
following correlations-based thouhli they are on the very small number of 15 pairs 
-seem to render it certain that there is such a permanence as regards the class 
frequencies. 

Correlation coefficient between number classed, by one observer, as:- 

"light" in Series A and " light" in Series B + 80 
B ,, ,, ,, C + -76 
A ,, ,, ,, C + -62 

"dark" ,, A and "dark" ,, B + 48 
B ,, ,, ,, C + 50 

,, ,, ~A ,, , , C + -51 
"medium ,, B and "medium" ,, C + *56 

The much larger correlation in the case of " light " as compared with " dark ' 
is curious, but the results are fairly regular and significant. For the number 
of inconsistencies, lowever, the figures are erratic. 

Correlation coefficient between: 

number of inconsistencies in Series A aild Series B + *59 
,, ,, ,, ~~~B ,, C + .0? 

,, ,, - 02 

The last two correlations are practically zero, the first significant. In view of 
the very limited niaterial, little weight can be attached to the result, which, taken 
as a whole, would appear to indicate that you cannot infer the consistency of an 
observer's nainings under one scheme from his consistency under another as tested 
by only 500 namings or so. Finally, the numbers of disagreemeints for thirteen pairs 
of observers as given in Tables IV, IX, and XIV for Series A, B, and C were tested 
and the results were surprising, at least to the present writer. 

Correlation betweeln the number of disagreements for any pair of 
observers under Series A and the same pair under Series B + *83. 

B ,, C + 86. 
A ,, ,, ,, C +93. 

The first figure was checked by adding a second set of 14 pairs of observers. 
The disagreements for these pairs were less marked than for the first set, and, as 
might have been expected, the correlation was lowered; the coefficient for the 
twenty-seven pairs was 0 71. It appears, then, that, in spite of the low correlations 
for some of the class-frequencies and for the individual inconsistencies, the 
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conclusion holds:-" If a pair of observers agree or disagree to an exceptional 

extent under one scheme of classification, they will probably agree or disagree to 
an exceptional extent under another." 

General conclusions as regards the namings of the individual tints.-It is evident 

from the foregoing that (1) There is a considerable degree of inconsistency in the 

naming of tints by the single individual; classes defined by names only cannot be 

treated, even for one observer, as discrete. (2) Different observers attach very 

different mieanings to the terms used for classification, although these are common 

terms in such general use that at least a moderate degree of uniformity might 
have been expected; and these differences are of a statistically permanent kind. 

(3) The inconsistencies of the individual and the disagreements between individuals 
are the more frequent the greater the number of classes; at least where such classes 

do iiot differ much in relative frequency. Some limitation such as that expressed 

by the last phase seems necessary. The addition of non-existent classes could 

obviously not increase aniy tendency to inconsistence; if there were a certain 
percentage of inconsistencies in classifying human hair colouirs into " yellow " and 
" brown or black," this percentage would not be increased by providing a class for 
" blues." Nor could the presence of a rare though existent class greatly increase the 

inconsistence. A classification of men into " tall," " short," " dwarf," would give rise 

to few more disagreements than a classification into " tall" and "short" alone. 

The percentage of inconsistencies or disagreements in a classification of ill-defined 

qualities must therefore depend ill some way on the frequencies as well as the 

actual number of classes. (4) As a consequence of the variations of personal 

equation in the use of terms, the namings by a group of observers considered as a 

whole are necessarily more inconsistent than the namings by one individual alone. 

If the frequenicies of actual variations in the intensity of any quality can be 

represented, ideally at least, by some frequency-curve like that of Fig. 1, the 

IG T I M DIUM i I DARK 

H K L M 

FIG. 1. 

classification of these intensities under mere namnes cannot be represented by the 
breaking up of the distribution into segments like OPKH, PQLK, QRML, or anything 
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like it, but only by the dissection of the curve into a series of widely overlapping 
frequency-distributions, as in Fig. 2 (plotted from the data of Table X, smoothed). 
The areas of these distributions alone are giveni by the class-frequencies, and 

NEDIUM 

LIGH' DARK 

FIG. 2. 

neither their positions nor their forms are accurately known; these could only be 
determined by actual trial-measurement of the quality and comparison of 
nomenclature with measurement for the observers concerned. Such a trial would 
be, for many qualities, impossible. It follows that methods like those of 
Mr. Galton (2) and Professor Pearson (5), which treat the classes as if they were 
discrete, and determine the relative class-intervals in termiis of the dispersion of 
the whole distribution, have no strict applicability to such statistics as those with 
which we are here concerned. The classes not being determined by definite intervals, 
quantitative results, obtained on the assumption that they are so, must be 
considered as useful illustrative analogies rather than measures of the actual. 

It may be also as well to note that in cases like those under discussion where 
the classes are not discrete, the use of such expressions as the truth of the 
statistics, the truth or correctness of any given observers' results, the mistakes 
made by one observer or another are out of place. If A and B are 
counting coins and A reckons a certain coin as a florin, while B reckons it as a 
half-crown, one or other at least makes a mistake; but if A says that a tint is 
light and B says that it is dark, neither has necessarily made a nmistake. There is 
no rigid accepted standard of lightness or darkness, and the standards of two 
individuals not only may, but probably do, differ. Yet such phrases as those cited 
are not infrequently used. I give the following, merely as an illustration. " In 
reportinig the pupils as bright, dull or average, the teachers were told to mark 
them average when in doubt . . . While some may make mistakes, it is 
wholly improbable that those who do will all make mistakes the same way. 

. . .It may be said that the results are statistics of opinions of teachers. 
Then the real question is, what is the probable trutlh of the opinions of the 
teachers ? " (3, p. 1015). The candour of the work from wlhich these passages are 
taken is entirely obvious, but they are surely written fromti a wrong standpoint. 
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If the consequences of indefinite classification be grasped, the final question seems 
meaningless. Every teacher who says "I call this boy dull," presumably speaks 
the truth. In this sense all the judgments are true. The questions that arise 
relate to their consistence. 

IV. SUMMARY REVIEW OF CERTAIN PUBLISHED STATISTICS. 

I have little doulbt that the discordances and inconsistencies exhibited in the 
preceding work may seem to many readers, as they were to the writer, startlingly 
large, and the question is sure to be asked whether the results obtained in this 
experiment can really apply without serious modification to this or that section of 
recent work. It may be as well, therefore, to pass in review, very briefly, some of 
the ptublished data in question. In doing so, I will group the data according to 
the subject m-fatter, and will take first statistics of colour-eye-colour-hair-colour 
-coat-colour of horses. 

(A) Eye-colour. The classification of eye-colours presents problems in most 
respects similar to-indeed identical with-those of the experimental case. It is 
true that the tints exhibit two more or less distinct classes, viz., blue eyes and 
brown eyes, and this will tend to reduce the inconsistencies; but (1) these classes 
are not strictly discrete owing to the existence of greys, hazels, greens, and 
mosaics, (2) blues and browns are in general further subdivided into lights and 
darks, (3) judgment is rendered more difficult than in the experimenital case by 
the fact that the iris is not usually of a tiniform colour, but flecked, and sometimes 
graduated in tint from the outside inwards. The certainty of classification is 
probably dependenlt on the actual grouping used, as well as the number of classes, 
but I will only consider two recent classifications, to which I will have to refer 
again, both of importance on account of their application to the study of heredity. 

(1) Mr. Galton's (lassification (Galton 2, Pearson 5).--In the "Records of 
Family Faculties" collected by Mr. Galton, observers were permitted to use their 
own descriptive terms, these being grouped subsequently. In this respect the 
procedure is peculiar, but the final result (as regards consistency of the observers 
and definition of the classes) is probably the same as if the observers were asked 
to classify direct under the several headings finally used. 

I base this conclusioni on a comparison of tables obtained by redutcing the 
results of series B and C (Tables X and XV) to twofold form with the results of 
series A (Table V), and of similar reductions of Table XV to threefold form with 
Table X. For Table V (Series A) the inconsistencies were 8X4 per cent. If 
Table X be reduced by adding together the first two rows, the inconsistencies are 
6-3 per cent., if by adding together the last two rows, 9-8 per cent.-mean 
8 0 per cent. If Table XV be reduced by adding together the first three rows and 
the last two, the inconsistencies are 7-3 per cent.; if by adding the first two and 
the last three, 8 7 per cent.-mean again 8-0 per cent. For Table X, Series B, 
on the other hand, the inconsistencies are 16-1 per cent. If Table XV be reduced 
by adding the first to the second row and the third to the fourth, the inconsistencies 
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are 14-3 per cent.; if by adding the first to the second and the fourth to the fifth, 
15 7 per cent.-mean 15 0 per cent. Hence, if an ri-fold classification be used by 
observers and subsequently reduced to m-fold form, the result is sensibly the samle as 
if the m-fold classification were used ab initio. Now Mr. Gal toin's final classification is 
eightfold, using the following terms :-1, light blue; 2, blue, dark-blue; 3, grey, blue- 
green; 4, (lark grey, hazel; 5, light brown; 6, brown; 7, dark brown; 8, black. Here 
the difficulties of classification between light blue, and blue, grey anid dark grey, light 
brown and brown, brown and dark brown, dark brown anid black, are precisely the 
difficulties met With in the experiment, and one ilmay perhaps say thle same of the 
distinctions between the light blues anid blue-greens or greys and between the 
hazels and light browns. It is possible that I may be uniduily prejudiced by the 
direct experience of my own results, but it seems difficult indeed to conceive any 
reason for assuming seilsibly better classification in the one case than in the otlher. 
Admitting the absolute distinction between blues and browns, the classification of 
the blues is practically threefold, of the browns fivefold; probably the percentage 
of iniconsistencies lies therefore between that for Series B and Series C. 

The recorders in Mr. Galton's case were, of course, in no way specially trained 
or instructed; they were precisely on a par in this respect with the observels in 
the experiment. 

(2) Professor Pearson's Classification (Pearson, 8).-This is a threefold 
classification into " light," " miiedium," " dark," the classes being defined as follows:- 

Light. Mediumi. Dark. 

Blue of all shades. 

Light grey. Dark grey. 

Very light green. Green. 

Orange and grey combined. 

Light chestnut. l)ark chestnut. 

Light and dark brown. 

Black. 

I have set out the names so as to illustrate the continuity of the classes; the 
observers are required to separate light grey from dark grey, very light green from 
green, light chestnut from dark chestnut anid chestnut of all shades from brown; 
Professor Pearson himself describes " medium " as a rather vague class (8, p. 149). 
The problems involved in separating "light " fronm "medium" and " medium " from 
" dark " are therefore the same, in each case, as those involved in iny Series A 
(Table V). Assuming theni that light and dark are distiniet (corresponding to 
blue and brown), the inconsistencies are probably about the same as in Series A. 
The observers were school-masters with no special trainiing in the naming of eye 
colours. 
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In dealing with Mr. Galton's data Professor Pearson expressed the views that 
"The personal equation in the statement of eye colour, when the scale contains 
only a list of tint names, is . . very considerable," and that "The 

vagueness in appreciation of eye colour when no colour scale accompanies the 
directions for observation " might be held to account for the irregularity of certain 

of his results (5, pp. 103 and 105). With these views I fully concur. It should 
not be impossible to the modern colour printer to produce a colour scale for eye 
namigs of at least a fairly satisfactory character, and I do not think that any 
future investigation should be made without such a scale. Mere namnes are much 
too vague to serve for scientific uses. 

(b) Hair colour.-The colour series here seems to be continuous, with the 

possible exception of reds-fair yellow hairs graduate into browns, light browns 
graduate into dark, dark browns into black. The classification used by Professor 
Pearson is:-Red-Fair-Browil-Dark-Jet black. Even allowing for the reds 

being a fairly distinct class, and for the fact that the epithet "jet " renders the last 
class more definite than is usually the case, it seems probable that the inconsistencies, 
etc., lie between those of my Series B and C. 

(c) Coat colour of horses.-This is a somewhat more technical case than either 
of the preceding, aiid a case in which the more practised character of the observers 
ought to tend to greater definiteness. The colours recorded in the Stud Book (as 
cited by Professor Pearson 5) are entered under six principal heads, viz., black, 
brown, bay, chestnlut, roan and grey, but intermediates also occur. The frequencies 
of the different classes vary greatly in the tables compiled by Professor Pearson in 

the rmemoir cited, but the following will serve as fairly typical (5, Tables VIII bis 

and IX bi-S). 

Colour. Colts. Fillies. 

Black ... ... ... ... ... 38 44 

Black brown or brown black.. ... 15 20 

Browun .. ... ... ... ... 356 281 

Brown bay or bay brown ... 64 84 

Bay ... ... ... ... ... 951 1,026 

Bay chestnut or chestnut bav ... 0 1 

Chestntut ... . ... ... 567 524 

Chestnut roan or roan chestnut ... 0 1 

Roan ... ... ... ... 3 4 

Roan grey or grey roan ... ... 1 3 

Grey ... ... ... ... ... 5 12 

Totals ... ... ... 2,000 2,000 
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It is evident that " black," " brown," and "bay" intergrade; chestnut is 
apparently somewhat distinct, if we may judge from the record of one intermediate 
only between bay and chestnut, but " grey " and " roan " are agaiii freely 
intergraded, to judge from the fact that there are 4 intermediates recorded 
against only 7 roans and 117 greys. 

Mental and moral qualities. -These have been dealt with by a number of 
observers, more especially of recent years under the influence of the child-study 
movement, though the statistics given by Professor Pearson are of relatively greater 
importance from the critical standpoint, owing to the very definite and far-reaching 
character of the conclusions which have been deduced therelrom. The following 
table gives a view of some of the qualities mentioned. I hiave not attempted to 
make anything like a complete collection, but cite onily those with which I am 
more or less familiar. 

Reference. Character. Classificatioi. 

Warner (11) ... ... Intelligeice ... Dull, not dull. 

MacDonald (3) ... ,, ... ... Bright, average, dull. 

,, ... ... Laziness ... ... Lazy, not lazy. 

,, ... ... Unruliness ... ... Unruly, not uiiruly. 

Galton (2) ... ... Artistic faculty ... Artistic, not artistic. 

... Temper ... ... Mild, docile, fretful, violent, niaster- 
ful: also grouped to " good" and 
" bad " by pooling first two and 
last three. 

Pearson (8) ... ... Vivacity ... ... Quiet, noisy. 

,,... ... Assertiveness ... Shy, self-assertive. 

... Introspection ... Self-conscious, unself-conscious. 

,, ... ... Popularity ... ... Popular, unpopular. 

... Conscientiousness ... Keen, dull. 

... Temper ... ... Quick, good-lnatured, sullen. 

Ability ... ... Quick-intelligent, intelligent, slow- 
intelligent, slow, slow-dull, very 
dull. 

As in the case of eye-colour, Mr. Galton's statistics of temper and artistic 
faculty were reduced on difTerent lines to the statistics of the other writers 
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mentioned. Those of "artistic faculty" were based on answers to the question 

" Favourite pursuits and interests ? Artistic aptitudes ? " on the schedule, and the 
recorders were allowed to choose their own terins for the description of tempers, these 

being afterwards grouped by Mr. Galton under his own headings. In all the remaining 

cases the terms used for classification were specified to the recorders, but no defini- 

tions were given except in the last case-Professor Pearson's statistics of " ability." 

With this exception I think the namings of all the other characters mnust be 

subject to a greater aumount of uiicertainty than the naiimings of coloured papers in 

illy experiment, the mental or moral character of an individual being a more 

difficult thing to assess thaii the depth of tint of a piece of coloured paper which 

lies immediately before the observer. 
But Professor Pearson's statistics of ability are of special interest, not merely 

because the terms were defined,' but because this is the only character-so far as 

I am aware-as regards the naming of which any test of consistency has been 

made. The following are the passages in Professor Pearson's memoir (8, p. 147 and 

reprint of " directions" p. 161) referring to the test - 

" My next stage was to ask two or three different teachers in several schools to 
apply the classification to 30 or 50 pupils, known to each of them. The classifications 
were made quite independently, often by teachers of quite different subjects, and a 
comparison of the results showed that 80 to 85 per cent. of the children were put into the 
same classes by the teachers, while about 10 per cent. more only differed by one class. 

i; . ..I miay remark that in response to my appeal in the Journal of Education, I 
received details of some 150 boys and girls tested for ability by three observers 
independently (language, science, and mathematical teachers), and belonging to half a 
dozen different schools. The agreement in classification was complete in more than 80 
per cent. of cases, and only differed by as much as two classes in about 5 per cent. of 
cases." 

The description is not given in very definite terms, but I take it that in perhaps 

83 per cent. or so of the test cases all the observers were agreed on the class in 

which the child should be placed. In 10 to 12 per cent. of the cases two of the 

three differed by one class, and in the remnainder-5 per cent. or imore-two of the 

three differed by two classes at least. This is a form of test which is quite easily 

1 It may be as well to cite these defiinitions, which riin as follows :-Very dull.-Capable of 
holding in their miinds only the simplest facts, and incapable of perceiving or reasoning about 
the relationship between facts. Slow dult.-Capable of perceiving relationship between facts in 
some few fields" with long and continuous effort ; but isot generally or without much external 
assistance. Slow.-Very slow progress generally, but with time and continual care progress 
will be made. Slow intelligent.-Slow generally, although possibly more rapid in certain fields. 
Quite sure of knowledge when once acquired. lntelligent.-Ready to grasp and capable of 
perceiving facts in most fields; capable of good progress without much effort. Quick 
intelligent.-Very bright alnd quick both in perception and in acquiirement, and this not onily of 
customary, but of novel, facts. Ready to reason rightly about things on purely self-iniitiative. 
Inaccurate erratic.-Capable of perceiving facts, but quick to form erroineous conclusions about 
them, illogical and erratic in reasoDiing. This last class was judged to be exceptional, and those 
classed therein are not dealt with in Professor Pearson's tables. The classification is therefore 
virtually sixfold. 
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repeated on a much larger scale, on the scheduiles of the observers ini my experiment. 
To carry it out, I collated the namings of the observers in consecutive threes, 
shuffling the schedules at intervals, so that the test gives the results of the namings 
of 512 samples by nearly-if not quiite-as many distinct triplets of persons. 
The results were as follows:- 

Disagreements by 

Series. Agreements. 

1 class. 2 classes. 

Per cent. Per cent. Per cent. 
A 84-8 15 2 

B 67 0 32-4 0 6 

C 48-8 44.7 6-5 

Professor Pearson's classification is sixfold, but two-thirds of the children are 
classified under the two heads " intelligent " and " slow-intelligent," so that if his 
terms had not been defined one might perhaps have expected a number of disagree- 
ments, etc., between those of Series B and C. Actually the number of agreemiients 
in his test was nearly as higih (over 80 per cent.) as in Series A, but the percentage 
of disagreements by two classes nearly as high as in Series C. It is consequently 
rather difficult to compare Professor Pearson's series with either of mine. Taking 
the number of agreenments alone, as most favourable to his case, it would seem that 
the definition of the terms used for classification has reduced the number of cases 
in which disagreement may occur, between two otut of three teachers, from one in 
every two or three to one in five. This is a satisfactory result, and distinctly 
encouraging as indicating the value of even verbal definition. At the same time, I 
am inclined to think that it is probably rather an over-estimate. The high 
proportion of disagreements by two classes or more is noteworthy, and it must 
be remeinbered that the teachers and children named in each case (i.e., by each 
distinct set of three recorders) were drawn from one and the same school. Is it 
certain that two teachers accustomed to different types of school, e.g., the one to a 
puiblic elementary school the other to a good private school, with small classes, for 
the children of upper-class parents, would classify the children with equal 
consistence when compared with each other? It seems to me improbable that 
they would do so. The meaninig they would attach even to the terms of the 
definitions (" slow," "rapid," "ready," " good progress ") miust depeild to some 
extent on the nmaterial with which they are accustomed to deal. 

Further, I cannot entirely agree with Professor Pearson that his result gives 
one "very great confidence not only in the value of this scale, but of other 
psychical classifications when used by observant teachers" (8, p. 147). It is at 
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least open to question whether a series of observations in which the recorders 
differ as to the classification of no less than one case in five should be regarded as 
completely satisfactory for scientific purposes, and it is hardly open to question at 
all that the test cannot inspire confidence in classifications for which the terms 
were undefined. The only conclusion it permits to be drawn concernina these is 

that the observers, if working in groups of three, would differ as to the allocation 
of more-possibly considerably more-than one case in five, and this quite 
independently of the teachers being " observant" or no, or of their self-consistence 
in classification. I do not wish to imply by any means that observations so made 
are useless. However seriously two classes such as the " light" and " dark" of my 
experiment may overlap, there can be no doubt that at all events the latter are 
onl the wlhole much the darker of the two, and this miay enable one to draw some 
conclusions without risk of error. But many comparisons, such as those of 
statistics due to different groups of recorders, mnay be of a very doubtful character, 
and the wide play given to the personal equation and to bias may introduce 
disturbances of a hitherto unexpected kind, as is shown in the next section. I 
desire to emphasise the fact that it is more lnecessary than appears to be at present 
generally recognised to eliminate the subjective element by every possible means, 

by using quantitative methods wherever that can be done by any stretch of 

ingenuity; by the method of samples where that can be enmployed (as in records of 
hair-colour, eye-colour, etc.), by verbal definition if nothing better is possible, or 

by special training of tl-e observers. No effort should be spared to make the 
classification as clear, definite and unambiguous as it can possibly be made. 

V. THE NAMING OF THE SAMPLE TINTS IN PAIRS AS ON EACH CARD. 

In section III, we have considered the naming of the single tints by 
the observers individually and en masse -the way they distributed the tints under 

the several naines, their variations from each other and so forth. The samiples, 
however, it will be remembered, were not placed one on each card, but in pairs, 
two on each card, the 256 pairs being formed by combining the sixteen tints in 

every possible way. Each observer had to name the pair of tints on a card more 

or less together, i.e., although he had necessarily to enter on his schedule the one 
before the other, yet he had both tints and both entries before him at once. 

Similarly one of Professor Pearson's observers, for naming the qualities of 

a pair of brothers, was provided with a single schedule for the pair (8). 
so that even if he had not the two individuals before him he had at least 

the two entries under notice at once, the naming being thus a naming of pairs and 

inot of single samples independenitly. The problem of the present section is to 

determine whether such a naming of pairs does or does nlot lead to a true 

representation of the real distribution of frequency of pairs, (a) by the single 
obselver, and (b) by the observers en masse wheri their returns are pooled together. 
Attention will be particularly directed to the number of homonymous pairs 
returned by the observers as compared with the number which they should have 
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returned, the questioil having lbeen raised in the memoir (15) whethier there were 
not some general bias towards returning an excess of homionymous pairs. 

Tlhe mode of calculating the number of pairs of any given combination-e.g., 
"li(rht " anid " medium " or " medium " and " dark "-which an observer should havo 
returned is quite simple. Consider the contingency-table representing the actual 
frequencies of pairs of tints in the card pack (see above pp. 328, 329); it has sixteen 
rlows, headed by the numbers of the tints 1-16, sixteen colunins similarly headed, 
and one unit in each compartment of the table. The distribution of frequency is 
uniforn. Hence, however an observer defines his classes, if he names without 

bias, the frequencies in every coinpartment of his table ought to be given by the 
"r ule of independence ": 

total of row x total of column 
frequency in compartment = woenme fosrain wbole number of observations 

The original distribution being, in fact, a strictly independent distribution, 
any distribution that purports to represent it-to be in some sort a classification of 
it-must be independent also. If the distributions of tints in pairs given by the 
single observers or by the aggregate of the observers are not independent, they 
are misrepresentations. 

Series A.-In this case the testing of independence is very sinmple as the 
criterion need be applied to a single frequency only, the differences of the four 
class-frequencies of the seconld order from their independence values being all 
equal in miagnitude. Thus for Observer 5 the distribution given was 

Upper tint. 

Lower tint. Total. 

Light. Dark. 

Light ... ... 104 56 160 

Dark ... ... 55 41 96 

Total ... ... 159 97 256 

For the given totals the number of pairs in which both tints were named 
"light " should have been, to one place of decimals, 

160 x 159 = 99.4 
2056 

which is 4-6 less than the numnber actually returned. Similarly the number of 
dark-dark pairs should have been 36 4, or 4 6 less than the actual niumber. The 
excesses ( + ) or defects (-), in the frequencies of homonymous pairs so calculated, 
are given for all observers in Table XVII, where, for the sake of comparisoln with 
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the other series, the total excess of homonymous pairs is also expressed as a 

percentage on the calculated number. For the above table of Observer 5, for 

instance, the percentage excess is 

2 x 46 x 100 = 68 per cent. 
994 + 36 4 

It will be seen that the excesses and defects are almost equally balarnced; 

while the algebraic sum shows a slight preponderance of excesses (+ 3), there 

is actually a majority of observers exhibiting defects, in the proportion of 

9: 8. Further the fluctuations that occur are snmall, of the order of fluctuations 

of sampling or less. The observer whose return exhibits the greatest 

departure from independence of the names of upper and lower tirits is 14; 

working, out the sum of the ratios of the squares of the departures from 

inidependence to the independence values their sum, or X2 in the notation of 

Professor Pearson,' is 3 480. Hence from Mr. Palin Elderton's tables2 the value of 

P, or the probability of any set of deviations of equal or greater infrequency 

occurring, is 329. Practically speaking, a more divergent distribution might be 

expected oil random sampling one time in three although this is the most divergent 

distribution out of 17. The smallness of the divergences must not, however, be 

taken to imply that they are wholly without significance, as is shown below; it 

must be remembered that the fluctuations of random sampling do not strictly enter 

into the naming, of tints at all, and their magnitude serves simply as a staindard of 

comparison. Relatively to this standard, however, we may say, as above, that the 

fluctuations due to bias in the preseiit case are not large. 

Passing from the results for the individual to the distribution that is fornied 

when the returns of a nunlber of observers are pooled together, the divergence 

resultinig is absolutely soniewhat larger though even less significant (Table XVIII). 

The actual number of light-light pairs is 1621, the calculated numiber 
2626 x5 2652 = 1600. 

4352 

The excess is therefore 21 or the total percentage excess 185 per cent. 

The sum of the individual excesses (Table XVII) was only 3 or 0-26 per ceiit., so 

that pooling of different observers' results has increased the excess. The value of x2 

for the table is, however, only 1772 and therefore P= 625, so that a distribution 

exhibiting equal or greater divergence from inclepeiidence might be expected on 

random sampling five times out of eight. If Table XVIII be treated as a 

grouping of normally-distributed frequency by Professor Pearson's method3 I 

find the correlation coefficient r= 032. Any effect of bias or of the differences of 

personal equation in naming would accordingly appear to be small, of the order of 

errors of sampling, where the classification is dicliotomous only. 
Series B.-As the distribution of frequency in a 3 x 3-fold table is more 

complex than in the preceding case I have thought it desirable to give in Table 

I Phil. Magq., July, 1900. 2 Biometrika, i, p. 159. 

a Phil. Trans. (A), vol. 195 (1900), p. 1. 
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XIX four distributions for single observers, as illustrations of more or less 
rnarked types of bias which occuir in the tables of this series. For the sake of 
brevity, the frequencies actually returned by the observers are resolved in this 
table into two parts (1) the correct (theoretical) frequency, given by the row and 
column totals (2) the difference, actual-correct frequency; thus for Observer 9 
the number of light-light pairs returned was 194 + 06 = 20, the number of light- 
mediumi pairs 26 3 + 17 =28 and so on. 

It will be seen that for the first and last observers (9 and 31) all the actual 
frequencies of homonymous pairs are in excess of their correct values, and this 
apparently is the common type of bias; for Observers 112 and 13, on the other hand, 
all the frequencies of homonymous pairs are in defect, this being an exceptional 
type. It is true that from the standpoint of the theory of errors of sampling the 
divergences exhibited could not be regarded as " significant," seeing that even for 
Observers 9 and 31 we have P= 69 and P= -62 respectively, and might accordingly 
expect greater divergences as often as iiot, but the results given below under 
Series C leave little doubt that the excesses in the one case and the defects in the 
other do represent personal bias of a more or less permanent kind. The results 
are summarised for all the 20 observers who made returns in this Series in Table 
XX: in column 1 is given the absolute excess or defect of homonymous pairs, 
reckoned by taking the algebraic sum of the excesses or defects in the three 
compartments of the diagonal, and in column 2 this is expressed as a percentage of 
he total calculated number. In Observer 9 we have, for instance, total excess = 0 6 
+5-1+7-4=13-1, percentage excess =13-1/ (19-4+4419+23-6)=14-9 per cent. 
Thirteen out of the twenty observers exhibited an excess of homonyms, only seven 
a defect; there appears to be a marked tendency towards the bias of excess. To 
illustrate the matter in another way, if a frequency-distribution be formed showing 
the number of cases in which there is an excess of homonyms in 0, 1, 2 or 3 
compartments of the diagonal, we have:- 

an excess in. no compartments ... ... 3 times 
1 compartment ... ... .. 4 
2 compartments ... ... ... 5 
3 compartments ... ... r 8 

20 

If a diagonal-compartment were equally likely to exhibit an excess or defect and 
the above distribution followed approximately the binomial law' there should only 
be two or three cases in which all the compartments exhibited an excess, instead 
of eight. 

Passing from the results for individuals to the tables obtained by pooling 
different observers' returns, in Table XXI are given the aggregate tables (1) 

This is, of course, a rough illustration; the frequencies of comDpartments being correlated 
inter se, the presence of excess or defect would not follow a binomial law. 

VOL. XXXVI. 2 A 
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for the first set of ten observers in alphabetical order, (2) for the second set of ten, 

and (3) for the entire twenty. The first and second sets both exhibit a marked 
excess of homonymous pairs for all three compartments, though the details of the 
distributions differ, the excess being 8 1 per cent. for the first set, 10 7 per cent. for 

the second. For the entire set of twenty observers the total excess is 165 or 95 per 
cent. For the individual observers the total was only fifty-two, or an average of 2 8 
per cent.; and so again in this case, though much more markedly than in the last, the 

pooling of different observers' results has increased-indeed more than trebled-the 
excess of homonymous pairs. For the first set of Table XXI, I find x2= 13-80, 
P = 087: for the second, X2=22-40 P= 0043, and for the entire set of observers 

2= 2794, P= 0005; such results, practically speaking, could not occur as 
random deviations. Grouping the results for the entire set of observers into a four- 
fold table, (1) with division between the first and second classes, (2) with division 
between the second and third, I find by Professor Pearson's method for the 
coefficient of correlation (1) r=-086, (2) r=-056; mean value of r=-074. The 

coefficient of contingency, calculated from the value of x2 given above, is 074. 
It appears, then, that the, effect of passing from a dichotomous to a threefold 

division is to increase the individual tendency to bias, and also to increase the 

effect of varying personal equations on the pooled table; so that while in the first 

case even the aggregate table (XVIII) exhibits only a small divergence (of the order 

of errors of sampling), in the second case the aggregate table (XXI, 3) exhibits a 

divergence from independence that could oilly occur on random saimpling once 

in two thousand times or so. This result, taken in conjunction with the 

incirease of inconsistency, etc., in the naming of the individuial tints, clearly 
indicates that classifications under more than two heads (in the absence of 

natural classes) are practically undesirable -a conclusion that ran absolutely 
counter, I may say, to my own preconceived ideas on the subject, and possibly 
those of others. 

Series C. The tables for this Series, XXII-XXIV, are arranged on a similar 

plan to those for the last, so little explanation is required. Table XXII gives the 

results for four observers: 9 and 31 exhibit a uniform excess of homonymous pairs, 
12 and 16 a defect. For Observer 9, whose excess is exceptional, X2=4231 
P= 012, such a divergence from independence being only to be expected about 1 

time in 100 on random sampling, but for Observer 31 (with the next greatest 
excess) x2 = 2034 P = 677: the divergences from independent distributions for the 

bulk of observers lie, therefore, as before, well within the limits of fluctuations of 

random sampling though, fromi the results stated below, they appear to be certainly 

significant of bias. In the first place, there is now an overwhelming majority of 
observers who return an excess of homonymous pairs (Table XXIII). The 

proportion which for series B was just under 2: 1 is now over 3: 1, 23 observers 

returning an excess and only 7 a deficiency. If, as in the last case, the number of 

individual returns be counted in which 0, 1, 2, 3, 4, or 5 of the compartments in 

the homonymous diagonal exhibit an excess of frequency, we have: 
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an excess in 0 compartments ... ... ... 1 times 
1 ,, ... ... 2 
2 . ... ... . 6 
3 ,, 12 

A 
~~~~~~~~~~3 

,, 5 ,, ... ... 6 ,, 
If the excesses and deficiencies were distributed at random, one would only 

expect the occurrence of the five excesses once, not six times. The total excess of 
homonymous pairs is 148-1, or an average of 8-81 per cent.-the individual percentage 
excesses being distributed as follows:- 

Percentage Excess (?) Frequency. 
or defect (-) 

-30 to-20 ... 1 
-20 to-10 ... 2 
-10 to 0 ... 4 

0 to + 10 ... ... .. 12 
+ 10 to + 20 6 
+20 to +30 ... ... 3 
+ 30 to +40 ... ... ... 1 
+40 to +50 ... ... ... 
+ 50 to + 60 ... 1 

30 

The most frequent excess lies somewhere between 5 and 10 per cent. 
These figures alone would render it fairly certain that we had to deal with 

definite cases of personal bias, but for this Series we have also the results of three 
observers (see above p. 335) who repeated their namings of the pack three times, 
viz., Observers 11, 16 and 31 (the present writer). It will be seen from Table 
XXIII, that at the first naming Observer 11 gave a rnoderate excess of homonyms, 
31 a very large excess, and 16 a deficiency. The excesses at the three several 
repetitions are as follows:- 

Absolute excess for Trial. Percentage excess for 
Trial. 

Observer. 

| (1) (2) (3) (1) (2) (3) 

11 +5,2 +7-1 +11P5 +9-2 +12,7 +20,8 

16 -12-2 - 72 -111 -22,5 - 13,3 - 20-2 

31 +20-0 +22-5 +185 +34-5 +29f4 +27-4 

In each case the sign of the divergence was maintained through the three trials; 
Observer 11 increased his excess from the first trial to the last, but otherwise the 
order of magnitude was maintained. Observers 11 and 31 were aware of the 

2 A 2 
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excess returned at the first trial; 16 was not informed. Judging from my own 
experience, the naming of 256 cards is too lengthy and confusing a business to give 
one, without compilation, any idea as to the excess or defe t of homonymous pairs. 
Further, having the results of the three series of observations, we may now obtain 
indirect evidence, as in the first part of this memoir, as to the significance of the 
individual results. If the excess or defect of homonymous pairs returned by any 
one observer were due, not to any more or less fixed idiosyncrasies, but to casual 
fluctuating influences varying at different times, the excess returned under any one 
series would be independent of the excess returned under any other. 

Actually we find for the fifteen observers who made returns under all three 
series:- 

Correlation between excess of homonyms in series A and in series B + -216 
A , C + 506 
B ,, C?+713 

There can be practically no doubt, accordinigly, that in all three cases we have to 
deal with personal bias or peculiarities of a statistically-permanent kind, notwith- 
standing the relative smallness of the individual divergences. 

In Table XXIV are given the aggregate tables for Series C; (1) (2) and (.) 
being compilations for the first, second and third sets of ten observers, anld (4) the 
total table for the thirty observers. The excess of homonymous pairs is now very 
considerable. For the first ten observers thLere is an excess of 97 pairs or 18 3 per 
cent., for the second ten 82 or 15 5 per cent., for the third ten 71 or 13 6 per cent. 
For the entire set of 30 observers the excess is 253 pairs or 16 0 per cent. The 
total excess of the individual observers was only 148 or an average of 8-8 per cent. 
(Table XXIII), so the pooling of different observers' results has very largely 
increased the excess, as in the preceding Series. Further, it should be noted that 
in this total table the excess of homonymious pairs is not balanced, even partially, 
by a deficiency in the compartments bordering the diagonal; of the eight 
compartments in the diagonal-borders six exhibit an excess, and the eight together 
an excess of 24 pairs. The bulk of the deficiency falls not oni the diagonal-borders 
but on the diagonals next rerimoved, in which the nanmes of the tints in the pair 
differ by two steps. Thus I find: 

Excess or deficiency of- 

Homonymous Pairs of names Pairs of names Pairs of names Pairs of names 
Homairus differingbyone differingbytwo differing by diri by 

(diagonal). (diagonal (two from three (next four (corners). 
borders). diagonal). corners). 

Absolute ... +252 +24 -232 -95 +50 

Per Cent. ... +16-0 +1 1 -11,7 -8-7 +619 
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There is an excess of pairs not only of the same name but of adjacent names, and of 
contrasted names, the deficiency falling on the names differing by two or three 
classes, chiefly the former. In Series B (Table XXI, 3) the result was simpler; 
the homonymous pairs were in excess, and both the pairs with adjacent names 
and with contrasted names were in defect. 

I find for the total table (XXIV, 4) x2 = 1039, P = 57x 10-215; it represents 
a quite impossible random divergence from independence. The coefficient of 
contingency C=f115. If the table be grouped to fourfold form by divisions (1) 
between light and medium, (2) between medium and dark, the values of the 
coefficients of correlation, calculated by Professor Pearson's method on the 
assumption of normal distribution, are (1) r= 071; (2) r= 098, mean value of 
r =*085. 

In this case, as in the last, the distribution is of such a kind as to give a positive 
correlation coefficient on groupingt to fourfold form, the excesses of frequeiicies of 
homonymous pairs not being cancelled by deficiencies in the adjacent compartments. 

The theory of pooling. 

In all the preceding cases it has been noted that the excess of homonymous 
pairs was much greater in the pooled table than in the individual tables. The 
existence of such an effect might have been foretold on theoretical grounds, though 
aprio,ri one would hardly have expected it to be so large and marked. Let (ap) (bq) 
denote the total frequencies of the pth row and qth column for any individual observer, 
and (apbq) the frequency of the compartment common to the row and column. Then 
if the observer is without bias and judges rightly, in the present case we will have 

(ap bq) = (ap) (bq).(1) 
Vl 

when n is the number of observations made by him. Let (Ap) (Bq) (ApBq) denote 
the same frequencies as apbq etc. for the table formed from the returns of N 
observers. Then if this pooled table represented the facts we ought to have 

(Ap Bq) = (Ap) (Bq) =- (ap) E (bq) . (2) 
N. n N. n 

Actually, however, if all the observers are without bias we will have a value 
(Ap Bq)' given by 

(A, Bq)' = , (a, bq) - E (a,) (bq). (3) n 
The difference is 

(Ap Bq)' - (Ap Bq) = N { N (ap) (bq) - (ap) $ (bq) } = n?p,q. 0p. Sq (4) 

where OpSq are the standard deviations of (ap) and (bq) and rpq is the correlation 
between them. Expressed as a percentage of the value (2) of (Ap Bq) this may also 
be put in a very simple form; if Utp Vq denote the coefficients of variation of (ap) and 
(bq) i.e., the percentages of the standard deviations on the means 

Percentage excess of (Ap Bq)' on (Ap Bq) - rpq U p Vq (5) 100 
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For homonymous pairs r must be very nearly if not quite equal to unity, and 

up v. very nearly equal to each other, so that the excess is given by t 2p/100 approx- 
imately. A coefficient of variation (of the numbers classed under any given term) 
of 10 per cent. would accordingly give an excess of the corresponding homonymous 
pairs equal to 1 per cent.; a coefficient of 20 per cent., an excess of 4 per cent., 
a coefficient of 30 per cent., an excess of 9 per cent., alnd so on in rapidly 
increasing proportion. Now although the row and column totals for the same terms 
exhibit, in the case of certain observers, remarkable differences, it is a reasonable 
assumption that the coefficient of variation is approximately the same for both, or 
for the sum of the totals of corresponding rows and columns, which have been 
given under Tables III, VIII, and XIII for Series A, B, and Cl; for Series A they 
are 10 per cent, and 16 per cent. only, but average 25 per cent. or so in Series B 
and C. Hence even if all the observers were quite unbiassed in their namings, 
each according to his ini;erpretation of the terms used for classification, there would 
nevertheless be an excess of homonyms amounting to 6 per cent. or so for both 
the latter series. If, in fact, the formuloe be applied, with the coefficients of varia- 
tion given in the table cited, they will be found to give, within one or two units, the 

difference between the excess of homonyms for the pooled table and the total excess 
for the individual observers, viz., 18 for Series A, 113 for Series B, and 104 for 
Series C. I have thought it desirable for the sake of completeness to evaluate the 
correlations rpq between class frequencies, neglecting, as in the above approxinmation, 
the differences between row-totals and column-totals, and dealing only with the 
total numbers classed under the several names. In the case of Series A, the 

correlation between the number classed under "light " and the number under 

dark " is necessarily 1. For Series B and C the results are as follows:- 

B. 
Correlation between the frequencies of 

light and medium --825. 
dark -470. 

medium and dark -111. 

C. 
very light and rather light + 022. 

medium -469. 
rather dark _ 700. 
very dark - 144. 

rather light and medium - 146. 
rather dark -405. 
very dark - 275. 

medium ,, rather dark + 314. 
,, ,, very dark - -629. 

rather dark ,, ,, + 036. 
1 If the values of the standard deviations given in the tables cited are used for calculating 

the absolute excess from formula (4), it must be remembered that they are to be halved before 
insertion in that expression. 
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These correlations are, it should be noted, quite different from the correlations 
of random-sampling. For the latter we should have if f' are the average 
frequencies of the two classes, N the number of observations: 

]r AV \/ F 
N (N-f) (N-f) 

always; in the present case several coefficients are positive, while others have much 
higher negative values than would be assigned by the formula. Using these values 
of the correlations and the values of up ald vq giveln at the head of Tables VIII 
and XIII, I find from (5) the percentage excesses or defects, due to pooling alone, 
given in the first line of each row in the tables below, the total percentages observed 
being given for comparison in the lower line. 

SERIES B. 

The figures in ordinary type give the percentage excesses or defects due to 
pooling only; those in italic type the percentage excesses or defects observed. 

Light. Medium. Dark. 

f + 6-9 - 61 - 2-5 Light +83 - 9 8 -0 5 

Medium - 641 ?84 -0-6 Medium < _- 564 + 1296 - 64 

Dark { -5 - 0-6 + 4I1 

SERIES C. 

The figures in ordinary type give the percentage excesses or defects due to 
pooling only; those in italic type the percentage excesses or defects observed. 

Very light Rather Medium Rather Dark to 
to light. light. M dark. very dark. 

Very light to light ( + 7 + 0-1 - 3_ 3 - 4 - 121 + 8-2 + O-5 - 13-1 - 1O.4 + 12?1 

Rather light .. 4 + 011 + 5G1 - 08 - 21 5 - 1.8 -5.8 + 26_2 + 5 _6 - 161 - 1230 

Medium ... 4j -3 
- O8 + 63 + 2-2 -4.4 + 1-3 : - 5-6 + 172 + 03 - 157 

Rathr dak . 
{ 5-4 - 2-5 + 2-2 + 7-8 + 0-3 Rather dark * { . _ 9.2 -179 + 62 + 23-6 + 3.0 

Dark to very dark + 1 - 1 1 4*9 + 073 + 177 
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It is curious to note how similar are the two distributionis. The divergencies 
due to all factors, witlh the exception, perhaps, of the excess of contrasts, appear, 
speaking generally, to be similar to those due to pooling of different observers' 
tesults alone, but more emphatic. This suggests at once the question-does the 
theory of pooling explain the apparent bias of the individual observer? The 
naniings of one observer fluctuate from timne to time, and he is, for all practical 
purposes, differenit observers at different times. The pooling of such different 
results will produce an excess of homonymous pairs and so forth, even if the 
observer be in the rigid sense of the term unbiassed. Is this sufficient to explain 
the effects observed ? I think the answer to this question must be in the negative, 
for in the first place many of the individual excesses are much too large. One 
observer taken at different times could hardly exhibit so great a variation in the 
class-frequencies as the mass of observers in the present experiment; yet pooling 
alone for these latter would only produce ati excess of homonvymous pairs of 7 2 per 
cent. (Series C). Exactly half the individual excesses (Table XXIII) are greater 
than this. Further, the theory of pooling could in no way explain the exceptional 
bias resulting in a deficiency of homonymous pairs. 

In the case even of these exceptional individuals, however, there is, as it seems 
to me, probably some tendency to excess, but it is overwhelmed by the opposite 
tendency to emphasise a difference of tints by a difference of naines. For any 
observer, one may assert with some confidence, would always call each of a pair of 
identical samples of any one depth of tint, on one card, by the same name, even 
though that name were not always the same on different occasionis; yet he should 
not do so. Suppose he names the given tint by onie name (e.y., "dark ") and by 
another (e.g., " rather dark) in the proportion of p: q (p + q= 1); theni in naling a 
series of pairs of samples he ought to call them both by the first name, the one 
by the first name and the other by the second, and both by the second in the 
proportions p2: 2pq: q2. Practically, as stated, he would never call the two 
by different names but would returnl " homonymous pairs " of the first and second 
names in the proportions p: q. There would therefore be a percentage excess of 
homonymous pairs 200 pq / (p2 + q2) as regards these identical pairs alone. The 
inclusion in the experiment of non-identical pairs would reduce the percentage. 

The effect of bias and of personal equationo on a correlated distribution. 

The preceding work has shown that statistics of ill-defined qualities based on 
the pooled observations of a number of individuals give an inaccurate and misleading 
representation of the facts as regards pairs of samples of the given quality. 
Although the mnemibers of the pairs are strictly independent in fact, the statistical 
observations present a large excess of pairs of the same name, possibly an excess of 
contrasted pairs (Series C), and a marked deficiency of pairs of other characters. If 
the table be grouped to fourfold form and the correlation-coefficienit be calculated 
by Professor Pearson's method, there is a sinall correlatioji between the names of 
tints in the pairs ranging iiearly up to + 0-1. But these data do not enable one to 
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answer a question of great practical importance: if the tints in the pairs were, in 
fact, correlated instead of independent, would the statistics give a higher or a lower 
coefficient of correlation than the true one, say for a true coefficient of about 0 5 ? 
It must be remembered that while the effect of bias and of pooling may be to raise 
the coefficient, the effect of mere inconsistency is to lower it. 

It seemed to me that this question could only be answered by a practical trial, 
which I accordingly made. It would have beeni best to take an approximately 
normal actual distribution, but this 
was out of the question. I accordingly UPPER TINT 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
formed a corr-elated from the original I o o o o ao 0 I 
uniforn distribution of pairs of tints by 2 6 6656 6 66 0 o 

simply striking out all pairs like (9, 1), 3 O O 01 ? O O O O 

(10, 2), . . . (10, 1), (11, 2), .. 5 . s -o -o _ - _ _ _ oo 
(11,1), (12, 2), . . . in which the two _ 6 OO OO O OO ? O O O O _ 

z 7000 0000 01000000 - members of the pair differed by eight p 80 0 0 0 0 000 0 0 0? 0 0 0 ? ? 

points or more on the arbitrary scale x 9 oio o o o o o o0o o o0o o o o 
of 1 to 16. This left 184 pairs dis- i 6 6 o o 6 o o o o o o o o oo 
tributed as shown by the diagram. 12 -- ?oo ? o? o ? ? ? ? ? 

The card-numbers of the pairs to be 13 00 00 0 0 0 0 0 0 O 
omitted were then noted from the key, 154 __0 0066 6 0 0 

and these numbers marked on the 161 | | 000 00000 

observers' schedules. Aggregate con- FIG. 3. 

tingency tables were then comnpiled as 
before, omitting the marked numbers, and the correlation coefficients determined 
for these tables by Professor Pearson's mrethod. For comparison with the observed 
correlation coefficient, the correlation coefficient was also calculated for the actutal 
distribution, using a division so near as might be the same as that in the division of 
the observations. The observed contingency-table for the 17 observers in Series A 
was, for example- 

Upper Tint. 

Lower Tint. Total. 

Light. Dark. 

Light ... ... 1,525 439 1,964 

Dark ... ... 471 693 1,164 

Total ... ... 1,996 1,132 3,128 

The average proportion of "lights " to "darks " for the single observer is here 
approximately 116: 68. The nearest we can get to this proportion in the actual 
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table is 121: 63, obtained by taking the division between tints 10 and 11. The 
correlation coefficient for the actual distribution so divided is 556, and for the 
table of observations above 593, calculating the coefficient in both cases to the 
second degree of approximation only, as the complete non-normality of the 
distribution renders further labour useless. 

The table below shows the observed and the true coefficients similarly deter- 
mined for Series B and C as well. In the case of Series B the points of division 
have been taken at all four corners of the central compartment (as in many of 
Professor Pearson's calculations); it will be seen that while the symmetrical divisions 
give coefficients that are too high, the unsymrmietrical, on the contrary, give 
coefficients that are too low. When therefore the extreinely contrasted pairs are 
eliminated, observation tends, apparently, to exaggerate the number of the most 
contrasted pairs remaining. In Table XXI, where the extreme contrasts were 
included, observation gave a deficieilcy of contrasts. The averages of the four 
actual and the four observational coefficients are almost identical, viz., *614 and 
*612. For Series C only the symmetrical divisions were tested, and again the 
observations gave too high a coefficient. The differences are not, however, in any 
case very large; they all lie within a range of + 08. 

Series. Division made betweeni (1) observed Division made between (2) true (1) -(2) names. coefficieilt. tints. coefficient. ( 

A. light and dark ... ... 593 10 and 11 ... ... 556 + 037 

light and medium ... *627 6 and 7 ... ... ... *556 + 071 

medium and dark ... 552 11 and 12 ... ... *516 + 036 

B. upper, It. and me. upper, 6 and 7: lower 
lower, me. and dalk ... *632 11 aiid 12 ... *688 -*056 

lower, It. and me.: lower, 6 and 7: upper 
upper, ime. and dark... *646 11 and 12 ... ... *688 - 042 

rather It. arid me. * 630 9 and 10 ... 590 + 040 
C. 

me. and rather dark ... *627 6 and 7 5 656 + *071 

VI. COMPARISON OF THE DIVERGENCE OF CONTINGENCY-TABLES FOR CERTAIN 

CHARACTERS FROM NORMALITY WITH THE DIVERGENCFE FROM TRUTH OF 

THE EXPERIMENTAL TABLES. 

The work of the preceding section has shown that the mere inlfluence of bias 
and of personal equation will produce on a contingency table for ill-defined qualities 
a divergence from isotropy resembling, in respect of an excess of homonymous pairs 

at least, the divergence from isotropy noted in the memoir (15) as occurring in 

contingency tables for eye-colour, coat-colour, and other characters. It remains to 

be seen, however, whether the divergence from normality of these latter distributions 
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is in every other respect (inicluding magnitude) such as might be produced by the 
effect of bias and personal equation, or no. 

The first illustration I will take is a simple one, where we need not really 
consider the question of normality, but only of independence, as in the tables of 
this experimental investigation. In the memoir of 1900, amongst other tables for 
eye-colour based on Mr. Galton's inaterial, Professor Pearson gave a contingenlcy- 
table for eye-colour of husband and eye-colour of wife. For the grouping used by 
Professor Pearson the coefficient of correlation was 100. Now the coefficients of 
correlation between the name of the upper and lower tint in Series A, B, and C 
were respectively *032, 071, 085; hence it would seem at least possible that the 
coefficient 100 is of observational origin only, the actual eye-colours of husband and 
wife being very nearly, if not quite, independent. In Table XXV is given Professor 
Pearson's table with the actual frequencies resolved into (1) the independence-values 
given by the totals of rows and columns, and (2) after the + sign the excess or 
defect (as in Tables XIX, XXI, XXII, XXIV). It will be seen that in most 
respects the distribution resembles those of e.g., Table XXIV (4) to a high degree, 
allowing, of course, for irregularities due to the very small frequencies in certain 
rows and columns. There is a large and marked excess of hom-onymous pairs and 
a deficiency of most others, but, just as in Table XXIV, there appears to be a slight 
tendency to an excess of contrasts. If the excesses and defects be grouped as on 
p. 352 above, we have- 

Excess or defect of- 

Eye-colour. 

Absolute ... ... +637 -237 - 5-3 -19-2 - 4.4 -13-5 +111 

Per cent. ... ... +38-8 -10 1 -4-8 -17-4 -4-4 - 21-2 + 5 0 

Colour cards per cent. ... +160 +11 -117 -87 +6-9 - - 

The chief points of difference from the figures of p. 352, are these, that there 
is a considerable deficiency of pairs differinig by one tint instead of a slight excess, 
and that the relative excess of homonymous pairs is miuch greater than in the 
experimental case. It is obviously impossible to give a dogmatic judgment, but 
personally I think that the peculiarities of this table are largely of subjective 
origin, and that the true homogamy with respect to eye-colour is very much less 
than the coefficient 01 would indicate. The similarity withl coefficients of 
homogamy based oni quantitative measurements would seem to be accidental. 

For the purpose of comparing tables exhibiting a higher degree of contingeilcy 
with the normal distribution I have taken four illustrations, viz., the tables for 
Eye-colour, Temper, and Curliness of hair from Professor Pearson's Huxley 
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Lecture (8) and the table for inheritance of eye-colour from father to son based on 
Mr. Galton's data, and given by the same writer in the earlier paper previously 
cited (5). The three formiier are all of 3 x 3-fold forim as published; in the latter 

the division is 8 x 8-fold (as in Table XXV) but the table was reduced to threefold 
form (blue-grey, hazel-brown) for comparison with the normal distribution. A 
3 x 3-fold normal distribution is determnined by calculating four frequencies only, 
or three if the table is syrninetrical, so that the work is kept within moderate bounds. 

But a certain difficulty arose at starting. The coefficients of correlation 
given by Professor Pearson did not appear to be all determined in quite the same 
way. In some cases, e.g., in the Huxley Lecture, the coefficient given appears to 
be the mean of two determinations only, and ill others of four, the divisions in the 
former case being both symmetrical, while in the latter two are symmetrical and 
two unsymmetrical. But it appears from the work of the last section that 
coefficients determined from symmetrical divisions would in general be too high, 
and those from unsymmetrical divisions too low. Hence four divisions should, if 
possible, invariably be used; coefficients determined some on one principle and 
somne on another are not comparable with each other. Hence I judged it 
better to recalculate the coefficients, using the four divisions in each case. 
As it appeared at once, however, that the distributions diverged very 

largely indeed from the normal, I considered that the use of lenlgthy approximations 
would be out of place, and calculated the coefficienits to the second approximation 
(the root of the quadratic) only. The results were as follows: 

Coefficients of Correlation. Average Average Value given 
(1)-(2) all four by Prof. 

Subject and Relation. Pearson. 
Sym. Divisions. Unsym. Divisions. 

(1) (2) (3) (4) (5) (6 (7) 

1. Eye-Colour. Bro. Bro. *693 *655 *362 *362 *67 *52 *54 

2. Eye-Colour. Fa. Son.... 523 592 *277 *385 *56 *44 * 55 

3. Hair Curliness. Bro. Bro. *776 *467 *410 *410 *62 *52 *50 

4. Temper. Bro. Bro. ... *516 *528 *015 *015 *52 *27 | 51 

Were the distribution normal, the coefficients (1) (2) (3) (4) should only 
differ slightly, e.g., by about -04; the fact that the calculations were stopped at the 

second approximation tends in itself to make (1) and (2) a little too high, (3) and 

(4) a little too low. But the differences are so very large, that it is quite clear 

the distribution cannot approach the normal. The case of Temper is the most 

remarkable, where the coefficient averages -52 for symmetrical division of the 

table but approximates to zero for unsymmetrical division. The number of 
" Quick sullen" pairs (Cf. Table XXIX) is in this case actually 39 75; if the 

brothers' characters were independent it would be 41-25-a difference of only 1-5. 
In the Eye-colour tables the coefficients for unsymmetrical division are not so low, 
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but they are little more than half the magnitude of those for the symnmetrical 
divisions. For curliness of hair the figures are much more irregular, the two 
symmetrical divisions giving very unequal coefficients, but their averaoe is 0-62, 
against 0 41 for unsymmiietrical division. The work on pp. 357, 358 would 
seem to indicate that pooling and bias could only produce a deviation of + -08 
or so oni either side of the true coefficient or 16 altogether, but here we have 
differences of 31, 23, 21, 51. This certainly suggests that we have to deal 
with some effect other than that due to pooling and bias alone. 

In Tables XXV[-XXIX are giveln the actual frequencies of Professor 
Pearson's tables, in the first line of each row, with the frequencies of the normal 
distribution in the second line of the row for comparison, the coefficients of 
correlation used being, those of column (6) in the above table. An inspection of 
these tables will show that the differences are relatively much larger than in the 
experimental case. The excesses of homonymous pairs are 18-2 per cent., 15 9 
per cent., and 18 4 per cent. respectively, as against 9 5 per cent. for Series B, and 
16 per ceint. for Series C. Further, the percentage excesses of the central class 
are 35 0 per cent., 24 2 per cent., 84-4 per cent., and 13 4 per cent. respectively, as 
against 12 5 per cent. for Series B (Table XXI). In all cases the contrasted pairs are 
very largely in excess ; this is apparently the contrary of the results in Table XXI, 
but the work of pp. 357, 358 indicated that where extreme contrasts were 
elimiinated observations tended to give an excess instead of a defect of coiltrasted 
pairs. Qualitatively, then, the results seem in accordance with the hypothesis 
of observational origin of the peculiarities; quantitatively, the divergences are 
too large and therefore probably in part real, as, of cou-rse, much recent biological 
work might incline one to suppose. The sole difficulty lies in the fact that such 
marked effects have in no case been observed for measured characters. 

The conclusion is confirmed by a later piece of experimnental work carried out 
durilng the summner of 1906, oln lines more closely resembling such work as that of 
Professor Pearson on heredity. Schedules were circulated amongst friends asking 
for returns of fathers and sons classified under the heads: "tall or rather tall," 
"medium," and " short or rather short." The observer was asked to make the entries 
when tlle persons namiied were in his presence, or otherwise to enter only persons 
who were very familiar to him, and to fill up the form as he himself thought right 
witholut consultationi. The latter instruction was, of course, given so as to obtain 
the full effect of varying personal equations. The issue of Schedules was begun 
in the middle of April, and by the end of July I had obtained returns for 1,126 
pairs from some 70 to 80 observers; I cannot state the exact number, for some of 
those who were good enough to iinterest themselves on my behalf forwarded 
collective returns over their own signatures only. I have again to thank all those 
who assisted me in the matter, more especially Dr. A. Newsholme and Mr. Wolf 
Defries, who obtained many returlns through others. The contingency-table 
between father and son, compiled from these observations, is given in the 
Appendix, Table XXX. The distribution may be compared with that based on 
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measured statures and given by Professor Pearson in Biometrika, vol. ii, p. 415, 
which may be reduced so as to give very similar row and column totals by classinig 
all individuals under 65-5 inches as short, and over 68 5 inches as tall. The table 
based on measurement is quite isotropic, Table XXX not so, but also not quite of 
the form typical of such tables as eye-colour (p. 339). If the correlation coefficients 
are determined from both tables for the four possible reductions to fourfold form, 
we have, working as before to the second degree of approximation only 

Table sXXX Table based on 
T measurements. 

Symmetrical divisions ... 410 5 584 

Unsymmetrical divisions *358 533 

Average ... ... ... 396 *546 

Not much stress can be laid on the difference between the average values of 
the coefficients, for this may be due merely to difference of material; e.g., Professor 
Pearson found 0396 as the correlation between father and son in Mr. Galton's data 
(Phil. Trans., A, vol. 187, p. 270). As regards the form of the distribution, how- 
ever, it is evident that there is a much more marked difference between the first 
and second pairs of coefficients in Table XXX than in the measurement table. 
Even in Table XXX, however, this difference is only 0100 for the averages of the 
two pairs, and for tables XXVI-XXIX it ranges from 021 to 0X51 (p. 360). If 
the normal distribution corresponding to a coefficient of 0K396 be calculated, it 
gives the frequencies shewn in the lower lines of Table XXX. As compared with 
this, the observations shew an excess of homonymous paiixs of 8 4 per cent. and an 
excess in the central class 15 6 per cent., figures corresponding closely to the 9 5 per 
cent. and 12-5 per cent. in series B of the colour experiment, and markedly less than 
the excesses for Tables XXVI-XXIX. The table based on measurements, however, 
although isotropic, diverges slightly from normality in the same direction as 
Table XXX. There is an excess of " homonymous pairs," of 341 per cent. and an 
excess in the central class of 5 6 per cent. as compared with a normal distribution 
with a coefficient of 0X546. It would be well worth further investigation to see if 
other distributions from measured characters exhibited the same slight divergence, 
as this would tend to shew that the distributions of measured and unmeasured 
characters differed only in degree, aild would in part dissolve the apparent anti- 
thesis which led to these investigations (cf. p. 339). 

Statistics of ill-defined qualities may, I conclude, lead to fairly accurate values 
of the coefficients of inheritance for the close relationships if these be calculated 
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from four divisions round a central class and not fromn symmetrical divisions only 
but not for the more distant relationships, where the true coefficients are small. 
Nor can they be used with any confidence to elucidate the theory of heredity 
by the nature of the distribtution of frequency; and hence their province is limited. 

LIST OF OBSERVERS IN THE COLOUR EXPERIMENT. 

The letters A, B, and C indicate the Series for which the observers returnled 
Schedules (see above, p. 330). 

1. Miss Armstrong (C). 2. Mr. W. A. Basham (Board of Trade), (ABC). 
3. Miss F. Bolus (ABC). 4. Mr. J. A. Cable, M.A., late Assistant-Secretary, 
Royal Statistical Society (C). 5. Miss C. E. Collet, M.A., F.S.S. (Board of Trade), 
(ABC). 6. Miss E. S. Collet (ABC).' 7. Mr. W. B. Croft, M.A., Winchester 
College (AC). 8. Mr. C. Griffith, M.A., Winchester College (A). 9. Mr. E. C. 
Harris (ABC). 10. Mr. F. R. Heath (ABC). 11. Mr. R. H. Hooker, M.A., F.S.S. 
(Board of Agriculture),2 (ABC). 12. Professor W. Johannsen, Professor of Botany 
at the University of Copenhagen (ABC). 13. Mr. A. Keshishian, F.S.S. (B). 
14. Dr. W. H. Lang, M.B., D.Sc., Assistant-Professor of Botany, University of 
Glasgow (ABC). 15. Mr. R. Leach (Board of Trade), (ABC). 16. Mr. J. A. P. 
Mackenizie, Librarian, Royal Statistical Society2 (C). 17. Mr. H. Rosenbaum (C). 
18. Mr. S. Rosenbaum, B.Sc., F.S.S. (C). 19. Mr. C. P. Sanger, M.A., F.S.S., 
Assistant-Professor of Political Economy, University College, London (ABC). 
20. Miss S. Sanger (ABC). 21. Mr. F. S. Spiers, B.Sc. (C). 22. Mr. F. Statham 

(C).' 23. Mr. E. R. Sykes, President of the Malacological Society (C). 
24. Mr. A. G. Tansley, M.A., Assistant-Professor of Botany, University College. 
London (ABC). 25. Mrs. Edith Tansley B.Sc. (BC). 26. Mr. J. W. Verdier (Board 
of Trade), (ABC). 27. Mr. H. D. Vigor, F.S.S. (B). 28. Miss H. Vernon-Jones (C). 
29. Mr. J. J. Wills (Board of Trade), (C). 30. Miss E. G. Woodgate (ABC). 
31. The present writer2 (ABC), and 32, his mother (0); 33, sister, (C); and 

34, wife (C). 

1 This schedule was not used owing to the observer having misunderstood the instructions. 
2 This observer returnjed three schedules under Series C, taken at different times, 
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TABLE I. 

Series A.-showing the distribution of tints under names " light " and " dark " for 
four individuals. 

Number of tint (1 = white: 16 = very dark brown). Number Name 
of assigned - - _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ -_ _ _ - _ _ _ _ 

observer, to tint. 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14|15 16 Total. 

Light ... 32 32 32 32 32 32 32 32 32 2321 I - 333 

Dark - - - - - - - - 9 11 32 31 32 1 32 32 179 

10 Light ... 32 32 32 3232 31 23 20 15 5 13 - --- 258 

1 Dark ... - - -- 1 9 12 17 2729 3231 32'32 32 254 

1 Light ... 32 32 32 32 32 32 32 32 32 3130 18 13 - - - 380 

Dark -. - - - - - - - 1 21419 32 32 32 132 

Light ... 32 32 3232 3232 3231 21 1 -- -- -- 277 
26 

1Dark I - - 11131 32 32 32 32 3232 2:35 

TABLE I1. 

Series A.-Showiing the number of samples named by each individual incon- 
sistently with the majority of his namings of the same tint, out of a total of 
512. Mean, 25-3 or 4 9 per cent. 

Observer. Inconsistencies. Observer. Inconsistenlcies. Observer. Inconsistencies. 

2 27 10 46 20 19 

3 29 11 18 24 24 

5 33 12 30 26 13 

7 21 14 25 30 14 

8 21 15 19 31 28 

9 30 19 33 
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TABLE III. 

Series A.-Showing the number of samples classed by each individual observer 
as " light " and " dark." 

Light: Mean, 3105. Standard deviation, 32-6. Coefficient of variation, 10O5 per cent. 
Dark: ,, 201 5. ,, ,, 32-6. ,, ,, 16,2 ,, 

Observer. Light. Dark. Observer. Light. Dark. Observer. Light. Dark. 

2 281 231 10 258 254 20 339 173 

3 293 219 11 284 228 24 324 188 

5 319 193 12 380 132 26 277 235 

7 333 179 14 265 247 30 346 166 

8 335 177 15 283 229 31 310 202 

9 306 1.96 19 345 167 _ 

TABLE IV. 

Series A.-Showing, for thirteen pairs of observers, the number of disagreements 
as to the name of a tint, out of a total of 512 in each case. Total 757 
disagreements in 6,656 judgments, or 11-4 per cent. 

Pair of Disagree- Pair of Disagree- Pair of Disagree- 
Observers. ments. Observers. ments. Observers. ments. 

2, 5 62 11, 14 33 20,26 63 

3, 9 35 12, 15 93 24,30 22 

5, 10 76 14, 19 80 26,31 38 

9, 11 35 15, 20 62 Total 757 

10, 12 121 19, 24 37 Per cent. 11-4 

TABLE V. 

Series A.-Showing the distribution of tints under names for the whole of the 
seventeen observers who made returns in this series. Total number of 
observations, 8,704. 

Name Number of Tint. (l=white; 16 = very dark brown). 
assigned 
to Tirnt. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total. 

Light . . 544 544 544 544 544 543 531 519 423 273 211 32 25 - 1 - 5278 

Dark . ? - - - 1 13 25 121 271 333 512 519 544 543 544 3426 

VOL. XXXVI. 2 B 
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TABLE VI. 

Series B: (cf. Table I for Series A).-Showing the distribution of tints under 
names for four individual observers. 

Number Name Number of tirnt (1 = white; 16 = very dark brown). 

of assigned to - _ _ _ _ -_ _ _ _ _ _ _ -_ _ _ _ _ 

observer, tint. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total. 

( Light ... 32 3232 62 32 32 32 28 21 10 4 -?? - - - 287 

6 Medium ...4 11 22 28 29 23 4 -- 121 

l Dark ... - - 3 9|28 32 32 104 

(Light ... 32 32 30 23 7 ?124 

10 A Medium .. .- 2 9 25 32 29 30 17 11 5 1 1 --- 162 

l Dark ... 3 2 15 21 27 31 31 32 32 32 226 

(Light ...32 32 32 32 31 31 27 24 15 2 2 - - 260 

12 Medium ...---- 1 1 5 8 17 30 28 28 27 4 1- 150 

1 Dark ... 2 4 5 28 31 32 102 

fLight ... 32 32 32 32 32 29 9 |--- - I 198 

26 Medium ...3 23 32 32 30 25- 1-- - 146 

I Dark .. 2 73231 323232 168 

TABLE VII. 

Series B: (cf. Table II for Series A).-Showing the number of samples named by 
each individual inconsistently with the majority of his namings of the same 

tint, out of a total of 512: mean 44.7 or 8 8 per cent. 

tencies. ~ tencies. tencies. teincies. Observer. 0 tetnocies- |Observer. |Inecocnsies |Observer. Inconis|Observer. Itnclocnsis- 

2 52 10 56 15 45 26 22 

3 33 11 35 19 46 27 65 

5 49 12 50 20 36 30 46 

6 45 13 42 24 44 31 60 

9 45 14 30 25 37 34 57 
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TABLE VIII. 

Series B: (qf. Table III for Series A)-Showing the number of samples, out of 512, 
classed by each individual as " light," " medium " and " dark." 

Light: Mean, 200-5. Stanidard deviation, 525. Coefficient of variation, 
26-2 per cent. 

Medium: Mean, 164-3. Standard deviation, 46-6. Coefficient of variation, 
28-4 per cent. 

Dark: Mean, 147-2 Standard deviation, 29-9. Coefficient of variation, 
203 per cent. 

Observer. Light. Medium. Dark. Observer. Light. Medium. Dark. 

2 223 112 177 15 170 199 143 

3 205 149 158 19 290 106 116 

5 269 112 131 20 272 92 148 

6 287 121 104 24 196 144 172 

9 141 215 156 25 132 235 145 

10 124 162 226 26 198 146 168 

11 148 221 143 27 183 179 150 

12 260 150 102 30 219 140 153 

13 157 166 189 31 224 160 128 

14 135 274 103 34 176 203 133 

TABLE IX. 

Series B: (cf. Table IV, Series A).-Showing for thirteen pairs of observers, the 
number of disagreements as to the classificationi of a tint, out of a total of 
512 samples in each case. Total, 1,580 disagreernents or 23 8 per cent. 

Differences by Differences by- Differences by 
Pair of Pair of Pair of 

Observers. Observers. Observers. 
1 Class. 2 Classes. 1 Class. 2 Clasises. 1 Class. 2 Classes. 

2, 5 91 11, 14 56 20, 26 92 _ 

3, 9 89 12, 15 148 24,30 60 - 

5, 10 212 12 14,19 176 - 26, 31 75 
9,11 60 - 15, 20 127 Total 1555 25 

10, 12 226 12 19, 24 143 1 Per cent. 23,4 0,4 

2 B 2 
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TABLE X. 

Series B: (cf. Table V, Series A.-Showing the distribution of tints under names 
for the whole of the twenty observers who made returns in this series. 
Numnber of observations 10,240. 

Name Number of tint (1 = white; 16 = very dark brown). 
assigned-_ _ _ _ - _ _ _ _ _ _ _ _ 

to tint. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total. 

Light ... 640 640 636 618 521 368 269 186 93 23 15 - - - - - 4009 

Medium - 4 22 119 272 366 451 524 564 516 227 193 21 6 1 3286 

Dark .. ?5 3 23 53 109 413 447 619 634 639 2945 

TABLE XI. 

Series C: (cf. Tables I and VI for Series A and B).-Showing the distribution of 
tints under names for four individual observers. 

C4.4 

o , Number of tint (1 = white; 16 = very dark brown). 
s > Name assigned 

to tint. 
a 10 totint. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total. 

Very light to light 32 32 32 32 32 31 14 1 - - - - 206 

|1Rather light ...-- - 1 18 30 23 15 9 - - - 96 
6 Medium ... ... 1 9 17 23 17 13 3 - - 83 

| Rather dark ...15 16 11 1 - 43 

Dark toveryddark k-- -- 3183132 84 

-I ----I- - I ---- - - - - - -I-l-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-l'~~~ 
( Very light to light 32 30 6 1-! ?- _- -- 69 

Rather light ... 2 26 26 14 8 1 76 

10 Medium ... ...- - 3 18 25 27 21 13 8 3 - 1-9- 119 

Rather dark 
.. 

|3 3 11 18 24 28 23 16 4 -- 130 

LDarktoverydark - - - 1 - 1 9 15 28 32 32 118 

r Very light to light 32 32 31 28 1 1- - - - -? 124 

IRatherlight ....- 14 31 32 3025 101 1 -135 

12| Medium ...? -- -- - 2 7 22 31 31 32 30 9 - - 164 

L Rather dark 2...-?- 223 18 5 48 

?Dark to very d-rk - 14 271 41 

4Very ligbt to Iight 32 32 22 14 4 - - - 104 

Rather light ... --10 17 24|17 5 2 ---75 

29 Medium ... ... - - 1 4115 19|21 10 1 2 1 - 73 
Ratherdark ....- 8 9 2125 22 3 3 - 91 

Dark to very dark?- 1 6 8 29 29 32 32 32 169 
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TABLE XII. 

Series C: (cf. Tables If and VII, for Series A and B).-Showing the number of 
samples named by each individual inconsistently with the majority of his 
namings of the same tint, out of a total of 512: Mean, 89-6 or 17-5 per cent. 

Observer. Inconsistencies. Observer. Inconsistencies. Observer. Inconsistencies. 

1 81 12 57 24 63 
2 85 14 76 25 97 
3 99 15 107 26 80 
4 99 16 100 28 134 
5 69 17 92 29 106 
6 96 18 114 30 96 
7 78 19 59 31 83 
9 93 20 86 32 105 

10 104 21 102 33 85 
11 73 23 80 34 89 

TABLE XIII. 

Series C: (cf. Tables III and VIII, for Series A and B).-Showing the number of 
samples out of the 512 in the pack classed by each individual as "very light 
to light," " rather light," " medium," etc. 

Very light to light. Mean, 119-8. Standard deviation, 32-9. Coefficient of variation, 27-5 p.c. 
Rather light. ,, 92-2. ,, ,, 20-7. ,, ,, 22-5 
Medium. ,, 120-1. , ,, 30-2. ,,, 25,1 , 
Rather dark. ,, 76-2. ,, ,, 21-2. ,, ,, 27-8 
Dark to very dark. ,, 103-7. ,, ,, 287. ,, ,, 27-7 

4Q. 4 

1 121 90 145 89 67- 18 108 76 131 71 126 
2 130 84 84 69 145 19 165 99 95 48 105 
3 104 80 144 83 101 20 146 127 96 57 86 
4 139 71 134 92 76 21 109 72 145 90 96 
5 129 131 106 51 95 23 67 118 152 68 107 
6 206 96 83 43 84 24 139 96 109 75 93 
7 174 86 102 35 115 25 105 94 153 75 85 
9 121 97 136 71 87 26 107 123 93 81 108 

10 69 76 119 130 118 28 84 78 141 109 100 
11 85 94 170 83 80 29 104 75 73 91 169 
12 124 135 164 48 41 30 140 63 120 60 129 
14 66 89 148 III 98 31 176 102 75 69 90 
15 141 62 92 79 138 32 110 58 140 87 117 
16 84 88 151 104 85 33 120 101 126 90 75 
17 89 126 46 69 182 34 133 78 129 59 113 
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370 G. UDNY YULE.-On the In,fluence of Bias 

TABLE XIV. 

Series C: (f. Tables IV and IX for Series A and B).--Showing for thirteen pairs of 
observers the number of disagreements as to the classification of a tint, out 
of a total of 512 samples in each case. Total 2,386 disagreements or 
35 9 per cent. 

Differences by- Differences Differences by- y ~~~~by 
Pair of Pair of _ Pair of 

observers. observers. , observers. 

. ~ ~ ~ 
- c co ~ - cq - q m 

2,5 144 19 - 11,14 117 - 20,26 154 2 - 

3, 9 127 3 12, 15 191 54 24, 30 115 - 

5, 10 247 24 1 14, 19 220 29 26, 31 169 3 

9, 11 135 1 - 15, 20 170 24 Total 2173 212 1 

10, 12 286 53 - 19, 24 98 - Per cent. 32 7 3-2 

TABLE XV. 

Series C: (cf. Tables V and X for Series A and B).-Showing the distribution 
of tints under names for the whole of the thirty observers who made 
returns in this series. Number of observations, 15,360. 

Name Number of tint (1 = white; 16 = very dark brown). 

assigned 
to tinDt. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total. 

Verylighlt 960 957 748 605 217 78 27 3 -3 - -595 
to ligiLt. 

Rather - 3 212 351 659 589 469 302 121 32 27 - - - 2765 
light. 

Medium ... - - - 4 84 290 441 607 709 646 556 117 133 15 - 3602 

Rather - - 3 23 48 127 264 341 640 534 244 49 14 2287 
dark. 

Dark to?3 18 36 203 293 701 911 946 3111 
very dark. 
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TABLE XVI. 

Series C.-Showing, for three observers who named the whole pack three times 
each, the number assigned to each class anid the inconsistencies at each 
repetition, together with the number of disagreements between the 1st, 2nd and 
3rd naminigs for each observer. 

o t Disagreements. 
__ 

___ 
_ 

_ _ . ___ . _, 
_ 

___ 
0 __ _ _ _ _ _ _ _ 

0 ri~~~~~~~~~~~~~~~~~~~~~~~~2 
: Very light Rather Rather Dark to 9 Between Number. 
O 4 to ght. light. dark. very dark. g nanming. 

85 94 170 83 80 73 1 and 2 85 

11 104 94 160 84 70 74 2 and 3 66 

118 97 152 67 78 82 1 and 3 99 

84 88 151 104 85 100 1 and 2 112 

164 93 87 151 82 99 94 2 and 3 77 
109 74 154 76 99 80 1 and 3 122 

176 102 75 69 90 83 1 and 2 143' 
31 243 63 63 47 96 96 2 and 3 1152 

214 63 86 51 98 92 1 and 3 108 

Of which three are differences by two classes. 
2 Of which eight are differences by two classes. 

TABLE XVII. 

Series A.- Showing (1) the excess (+) or defect (-) of the number of light-light 
or dark-dark pairs from the calculated number (total of row x total of 
column . 256) for each observer, (2) the total excess or defect of homonymous 
pairs (twice the preceding number) expressed as a percentage of the calculated 
number. 

5 Absolute Total | Absolute Total | Absolute Total 
$M excess. percentage. |$ excess. percentage. $i excess. percentage. 

2 - I1 - 17 10 +30 + 4-7 20 +08 +11 
3 - P'8 - 2-7 11 -18 - 2-8 24 - 1P8 - 2 6 
5 + 4,6 + 6-8 12 -10 - P'3 26 + 0.1 + 0-2 
7 -P13 -19 14 +7-4 +11P5 30 +11 +15 
8 - 3,6 - 51 15 -51 - 79 31 + 4,2 + 6 3 

9 - 1P5 - 2,2 19 + 0 8 + I1I Total + 3 0 
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372 G. UDNY YULE.-On the Influence of Bias 

TABLE XVIII. 

Series A.--The distribution of frequency for pairs of names for all the observers 
(17) together. Excess = 1,621 - 1,600 = + 21. Coefficient of correlation 
= - 032. 

Upper tint. 
Lower tint. Total. 

Light. | Dark. 

Light ... 1,621 1,005 2,626 

Dark ... 1,031 695 1,726 

Total ... 2,652 1,700 4,352 

TABLE XIX. 

Series B.-Showing the distributions of frequencies of pairs of niames for-four 
observers as illustrations of the two marked types of bias-excess of 
homonymous pairs (Observers 9 and 31) and defect of homonymous pairs 

(Observers 12 and 13). The first figure in each compartment gives the 
correct frequency as calculated from the row and column totals, the figure 
after the + sign the number to be added or subtracted to give the frequency 
returned. 

Name assignedt Names assigned to upper tint on card. 
Observer. lName assgned to. Observ | lower tint. | Light. Medium. Dark. 

Light ... ... 19f4+06 331-041 205-05 

9 Medium ... ... 26 3 + 1P7 44-9 + 541 27-8- 68 

Dark ... ... ... 22-3-2-3 38-1-51. 23 6 + 7-4 

Light ... ... ... 66-0 - 6-0 35-3 + 5*7 27-7 + 0 3 

12 Medium ... ... 40-9+4 1 21P9-5-9 17 2+ 1?8 

1 Dark ... ... ... 2441 + 1P9 12 8 +0-2 1041-241 

r Light ... ... ... 241-2-1 250+ 0? 28&9 +?21 
13 Medium ... ... 25 9 + 01 26 9-3 9 31P2 + 3 8 

L Dark ... ... ... 290 20 301+ 9 39 349-5*9 

r Light ... ... 49 0 + 3 0 34 6-1P6 28 4-1-4 

31 Medium ... 35-4-1-4 25-0 + 6-0 20 6-4 6 

L Dark ... ... 27 6-l6 19 5-4-5 160?+ 6-0 
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TABLE XX. 

Series B: (cf. Table XVII. for Series A).-Showing (1) the total excess (+) or 
defect (-) of the frequencies of homonymous pairs as compared with the 
number calcuilated from the totals of rows and columns, (2) the value of this 
excess or defect expressed as a perceiltage of the calculated number for each 
observer. Total +52; average + 28 per cent. 

(1) (2) (1) (2) 
Observer. Absolute Percentage Observer. Absolute Percentage 

excess. excess. excess. excess. 

2 - 5 4 - 5a9 15o -3 8 - 4 4 

3 - 1.0 - 11 19 + 5-8 + 5"5 

5 + 35 + 3-5 20 + 6-5 + 6-4 

6 + 10 7 +102 24 + 3-4 + 3.9 

9 + 1341 + 14-9 25 + 0 5 + 0 5 

10 + 3-5 + 3-9 26 - 3-6 - 4-2 

11 + 0-9 + 1-1 27 +11-0 +12-8 

12 -140 -14-3 30 + 6-2 + 7-0 

13 -11.9 -13-9 31 + 15.0 + 16-7 

14 - 1-5 - 15 34 +13-1 + 14-9 

TABLE XXI. 

Series B: (cf. Table XVIII, Series A).-Showing the distributions of pairs of 
namies for the first and second sets of 10 observers on the list, and for the 
entire 20. Explanation as for Table XIX, but figures given to nearest unit 
only. 

Name assigined to upper tint on card. 
Observers. Name assigned to lower tint. Light. Medium. Dark. 

F Light... ... 371 +33 318 - 24 284- 9 
(1) First ten in alphabetical Medium ... ... 323- 6 276+17 247-11 

Dark ... ... ... 283 - 28 242+ 7 217 +20 

2 Light... ... 414+32 315-38 299+ 6 
(2) Seond ten in 

alphabeticalr Medium ... 331 -30 251 +49 238 - 19 

o Dark ... *.. ... 287- 2 218-11 207+13 

F Light... 785+65 633- 62 583 - 3 
(3) The entire set of twenty Medium ... ... 653-35 527 +66 486-31 

observers. 1 Dark ... ... .Dak570-30 460- 4 423+ 34 
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374 G. UDNY YULE.-On the Influence of Bias 

TABLE XXII. 

Series C: (cf. Table XIX for Series B).-Showing the distributions of pairs of 
names for four observers, as illustrations of the two marked types of 
bias: excess of homonymous pairs (Observers 9 and 31) and defect of 
homonymous pairs (Observers 12 and 16). 

Name assigned to upper tint on card. 

i; Name assigned to __ _ 
lower tint. Very light Rahr MAu ak Dark to 

to light, Rather light. Medium. Rather dark. very dark. 

( Very light to light ... 14'3+0-7 10-9+0'1 17'9 -3-9 7'3+0'7 11'6+2'4 

Rather liglht ... ... 12'0-40 911+9'9 15-0- 2-0 6,1-01 9'8-3'8 

9 Medium ... ... 14'3+3'7 10'9-559 17'9+101 7'3- 6-3 11'6-1'6 

Rather dark ... ... 9'4 - 24 72 - 22 11'8+2'2 4-8+332 7'7-0'7 

Dark to very dark ... 9'0+2'0 6'9-19 11'3 -6'3 4'6+2'4 7-3+3'7 

[ Very light to light ... 15'0-3-0 17'4+0'6 18'4+16 4'8 -0'8 6'3+1'7 

Rather light ... ... 15'2 -0-2 177 - 2a7 18'7+4'3 4'9-1'9 6'4+0'6 

12 Medium ... .. 21'3+2'7 24'7+3'3 26-1 -6'1 69 + 1P1 8-9-0'9 

RIather dark ... ... 6'8+1'2 7'9 - 1i9 8'3+227 2'2 -0'2 2-8-1'8 

Dark to very dark ... 37-0-7 4'2+0'8 4'5-2'5 1P2+1'8 1'5+015 

Very light to light ... 6'9- 2'9 7'2+2-8 11'6-0'6 7'3- 2'3 7'0+3'0 

Ratherlight ... 72+1'8 7'5-2 |5 121+3'9 7'7-1'7 7'4-1'4 

16-t Mediim ... ... 13-2+008 13'8+12 22'3 - 4'3 14-1++49 13'5 - 2'5 

Rather dark ... ... 9'8+1'2 102-52 2 16'4+3'6 105-15 10'0+2'0 

t Dark to very dark ... 69- 0-9 7'2+3'8 11'6- 2'6 7'3+0-7 7'0-1'0 

Very light to light ... 30'2+3-8 17'7 -1'7 12'2- 2'2 10'9 -1'9 160+ 2'0 

Rather light ... ... 17'4-4'4 10'2+8'8 7'0- 2'0 6'2 -1'2 9'2-1'2 

311 Medium ... ... 13'6-0'6 8'3 - 2'3 5'5+335 511+0'9 7'5 -2'5 

Rather dark ... ... 12'9+0'1 7-5- 4.5 5,2+V18 4'6 + 2,4 6-8+0 2 

L Dark to very dark , 15-0+1V0 8-3-0,3 6-0-1l0 5-1-0-1 7'5+1-5 
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TABLE XXIV. 

Series C: (cf. Tables XVIII and XXI, for Series A and B).-Showing the 

distribution of pairs of names for the first, second and third sets of ten 

observers on the list, and for the entire set of thirty. Explanation as for 

Table XIX, but figures given to the nearest unit only. 

Name assignied to upper tint on card. 

Observers. 
Very light Rather Medium. 

Rather Dark to 
to light, light. dark. very dark. 

Very light to light 160+17 111+ 3 155-19 88 -12 127+11 

(1) Rather light ... 115+ 2 80+23 111+ 8 63-15 91-17 

First teniln | Medium ... ... 150+ 5 105- 7 146+19 83- 1 120-16 

order. Rather dark ... 98- 26 68-11 95+ 9 54+22 78+ 7 

Dark to very dark ... 115+ 1 80- 8 111-16 63+ 7 91+16 

Very light to light 118+11 110+ 1 127-24 77- 1 119+12 

(2) iRatherlight ... 103-16 96+18 111+12 67-11 104- 2 

Seconid ten in Medium ... 135+ 5 126- 7 145+31 88- 6 137-23 
alphabetical 

order. Rather dark ... 83- 3 77 - 12 89+14 54+ 5 84 - 4 

1 Dark to very dark ... 109+ 4 102 - 1 117 - 33 71+14 110+17 

Very ligbt to light 145+ 4 112- 1 140-13 93-14 133+24 

(3) . Rather light ... 95- 4 73+24 92- 3 61- 4 87 -14 

Tbirdten in Medium ... ... 135- 3 105- 6 131+23 87+ 8 125-22 
alphabetical 

order. Rather dark ... 96+ 4 75-16 93- 5 62+13 89+ 4 

Dark to very dark... 124- 1 96- 1 120- 2 79- 4 114+ 7 

r Very light to light 421+34 334+ 2 421- 55 258 - 27 380+46 

(4) Rather light ... 313-18 249+65 314+17 192-31 283-34 

set of thirty 
e Medium ... 422+ 5 335 -19 422 +73 258 + 1 381- 60 

observers. Rather dark 277 - 25 220- 39 278 + 17 170+40 251 + 7 

L Dark to very dark... 348 + 4 277- 9 349 - 52 213+17 315+40 
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The following Tables show-(1) in the upper line of each row the actual 
frequencies observed; (2) in the lower line of each row the frequencies of 
a normal distribution with the correlation coefficient given. The data for 
Tables XXVI, XXVIII, XXIX, from Pearson, Biometrika, vol. iii, 131, and 
for Table XXVII from Pearson, Phil. Trans. (A), vol. cxcv, p. 79. 

TABLE XXVI. 

Eye-colour-Brother and Brother. r = *52. 

Light. 1 Medium. Dark. Total. 

Light ... ... ... 558 190 81-5 829-5 
511 254 64-5 

Medium ... ... 190 426-5 122 738&5 
254 316 168-5 

Dark ... ... ... 81-5 122 228-5 432 
64-5 168-5 199 

Total ... 829-5 738-5 432 2,000 

TABLE XXVII. 

Eye-colour-Father and Son. r = *44. 

Father. 

1, 2 3, 4 5,8 Total. 

Blue, 1, 2 ... ... 194 111 30 335 
183-5 126 25-5 

Grey, Hazel 3,4 ... 108 254 59 421 
136-5 204-5 80 

12 Brown, 5, 8 ... 56 79 109 244 
38 113-5 92-5 

Total ... 358 444 198 1,000 
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TABLE XXVIII. (See note, p. 378.) 

Curliness of hair. Brother and Brother. r = *52. 

Smooth. Wavy. Curly. Total. 

Smooth ... ... 1556-5 1115 34-5 1702-5 
1507 168-5 27 

Wavy ... ... ... 111P5 134-5 20 266 
168-5 73 24-5 

Curly ... . .. 34-5 20 11 65-5 
27 24-5 14 

Total ... 1702-5 266 6 655 2034 

TABLE XXIX. (See note, p. 378.) 

Temper. Brother and Brother. r = *27. 

Quick. Good-natured. Sullen. Total. 

Quick ... ... ... 138-5 152-25 39-75 330j5 
97 218 a 15 

Good-natured ... . 152-25 1026-5 106-25 1285 
218-5 905 1615 

Sullen . ... ... 39-75 106-25 84-5 230-5 
15 161-5 54 

Total ... ... 330-5 1285 230-5 1846 
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TABLE XXX. (See note p. 378, and pp. 361-362.) 

Stature-Father and Son. r = 0396. 

Father. 

Tall. Medium. Short. Total. 

Tall ... ... ... 288 194 69 551 
273 214 64 

Medium ... ... 95 203 88 386 
116 175-5 94-5 

Short ... ... ... 37 74 78 189 
31 81'5 76-5 

Total ... ... 420 471 235 1126 
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